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FOREWORD

The mission of the U.S. Geological Survey (USGS)
is to assess the quantity and quality of the earth resources
of the Nation and to provide information that will assist
resource managers and policymakers at Federal, State,
and local levels in making sound decisions. Assessment
of water-quality conditions and trends is an important
part of this overall mission.

One of the greatest challenges faced by
water-resources scientists is acquiring reliable
information that will guide the use and protection of the
Nation’s water resources. That challenge is being
addressed by Federal, State, interstate, and local
water-resource agencies and by many academic
institutions. These organizations are collecting
water-quality data for a host of purposes that include:
compliance with permits and water-supply standards;
development of remediation plans for specific
contamination problems; operational decisions on
industrial, wastewater, or water-supply facilities; and
research on factors that affect water quality. An
additional need for water-quality information is to
provide a basis on which regional- and national-level
policy decisions can be based. Wise decisions must be
based on sound information. As a society we need to
know whether certain types of water-quality problems
are isolated or ubiquitous, whether there are significant
differences in conditions among regions, whether the
conditions are changing over time, and why these
conditions change from place to place and over time.
The information can be used to help determine the
efficacy of existing water-quality policies and to help
analysts determine the need for and likely consequences
of new policies.

To address these needs, the U.S. Congress
appropriated funds in 1986 for the USGS to begin a pilot
program in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA)
Program. In 1991, the USGS began full implementation
of the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a
large part of the Nation’s freshwater streams, rivers, and
aquifers.

* Describe how water quality is changing over time.

* Improve understanding of the primary natural and
human factors that affect water-quality conditions.

This information will help support the development
and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 59 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the Nation
and cover a diversity of hydrogeologic settings. More
than two-thirds of the Nation’s freshwater use occurs
within the 59 study units and more than two-thirds of the
people served by public water-supply systems live
within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other
water-quality topics will be published in periodic
summaries of the quality of the Nation’s ground and
surface water as the information becomes available.

This report is an element of the comprehensive body
of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal, State,
interstate, Tribal, and local agencies and the public. The
assistance and suggestions of all are greatly appreciated.

ﬁ,&.e,,;(- m. liac 4

Robert M. Hirsch
Chief Hydrologist
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Abstract

In 1986, the U.S. Geological Survey imple-
mented a pilot program to test and refine concepts
for a National Water Quality Assessment
(NAWQA) Program. Washington State’s Yakima
River Basin was selected as one of the Nation’s
four surface-water pilot studies.

One of the objectives of the NAWQA
Program, and the subject of this report, is to deter-
mine the occurrence and distribution of major and
trace elements in sediment, water, and aquatic
biota. Between 1987 and 1990, fine-grained (less
than 62 micrometers in diameter) streambed sedi-
ment was collected from 448 sites in the Yakima
River Basin. During 1-week periods in July and
November 1987, trace elements were measured
in filtered (0.45-micrometer pore size) water
samples from 44 sites during steady-state flow
conditions. Of the 44 sites, 7 were termed fixed
sites and were sampled monthly and during some
storms for the period 1987-90. These sites pro-
vide the coverage necessary to describe temporal
variations in element concentrations and loads.
Fixed sites were sampled for trace elements in
streambed sediment, water (filtered-water
samples and unfiltered-water samples), suspended
sediment, and aquatic biota. Aquatic biota from
34 sites were sampled for trace elements during
the period 1989-91. Aquatic biota include plant

tissue (algae, curlyleaf pondweed, waterweed,
and coontail), fish (rainbow trout, mountain
whitefish, sculpin, brook trout, bridgelip sucker,
largescale sucker, chiselmouth, carp, and cut-
throat trout), clams (Asiatic), and aquatic insects
(caddisflies, stoneflies, and mayflies).

The results of this study will provide multiple
lines of evidence to:

® Define spatial and temporal
variability for major and trace
elements in several media;

® Identify sources and describe
the transport and fate of trace
elements;

® Evaluate the effects of trace
elements on fish, benthic
invertebrates, and algae.

The Yakima NAWQA data will be compara-
ble with data collected at 58 other NAWQA
basins throughout the United States so that the
status of trace elements in the Nation’s water can
be addressed.

Most element enrichment in the Yakima River
Basin results from natural geologic sources in the
forested landscapes of the Kittitas and mid-
Yakima Valley—primarily in the Cle Elum, Upper
Naches, Teanaway and Tieton Subbasins. These
areas are geologic sources of antimony, arsenic,



chromium, copper, mercury, nickel, selenium, and
zinc. Concentrations of arsenic, chromium, and
nickel in streambed sediment (as high as 45, 212,
and 260 ng/g [micrograms per gram], respec-
tively) are nearly 4 to 13 times higher than their
respective median concentrations in streambed
sediment of agricultural land-use areas in the
lower Yakima Valley. As a result of geologic
sources, several of these elements, including
arsenic, chromium, and nickel, leave chemical
signatures that are measurable in streambed sedi-
ment and suspended sediment of higher order
streams, including the main stem. For example,
the median concentration of chromium in
streamed sediment in the Kittitas Valley (near the
geologic source of chromium) is nearly twice that
in the Yakima River at Kiona, located in the lower
Yakima Valley. Some of the geologically derived
elements, including chromium, nickel, and sele-
nium, are measurable in aquatic biota of higher
order streams. In the Teanaway Subbasin alone,
concentrations of chromium and nickel in benthic
insects are, respectively, 4 to 52 times and 43 to
102 times higher than the minimum concentration
in the Yakima River Basin.

Distributions of element concentrations that
increase in areas affected by human activities
include arsenic, cadmium, copper, lead, mercury,
selenium, and zinc. These element concentrations
commonly are high in the streambed sediment of
Wide Hollow Creek, which drains urbanized and
lightly industrialized lowlands as well as agricul-
tural land. In Wide Hollow Creek, concentrations
of lead in sediment (63 pg/g) and benthic insects
(5.6 ugl/g), respectively, are more than twice that
in streambed sediment from local geologic
sources and 15 times higher than that in caddis-
flies from a reference site not affected directly by
human activity. In addition to suspected urban
sources, lead may result from past applications of
lead arsenate. Concentrations of lead in soils of
apple orchards in the Yakima River Basin are as
much as 60 times higher than the median concen-
tration of lead in streambed sediment from local
geologic sources.

Suspended-arsenic concentrations in Sulphur
Creek Wasteway, an agricultural drain, range
from 4.9 to 20 pg/g and are the highest in the
Yakima River Basin. Arsenic may result from past
applications of lead arsenate—soils of apple
orchards in the Yakima River Basin have as much
as 36 times more arsenic than the median concen-
tration in streambed sediment from local geologic
sources. During the irrigation season, the June
contributions of suspended arsenic from Sulphur
Creek Wasteway (2 Ib [pounds] per day) typically
account for most of the suspended-arsenic load
(measured 6 miles downstream) in the main stem.
Between the Kittitas Valley and the mid-Yakima
Valley, the annual suspended-arsenic loads during
1987-90 increased by as much as threefold.
During the irrigation season, in particular, about
2.2 1b of suspended arsenic per day enter the
mid-Yakima Valley over a 9.4-river-mile reach
that receives irrigation return flow from Moxee
Subbasin and Wide Hollow Subbasin. This
arsenic load represents about one-half the irriga-
tion-season load in the Yakima River above
Ahtanum Creek at Union Gap.

Concentrations of arsenic in filtered-water
samples from Sulphur Creek Wasteway and in
the main stem of the lower Yakima Valley are
high (exceed the 90th percentile [3 pug/L] for
the Yakima River Basin) in comparison to fixed
sites (less than 1 pg/L) in the Kittitas Valley.
These high concentrations are in waters affected
primarily by agricultural return flow. In addition
to higher concentrations of arsenic in filtered-
water samples from agriculturally affected parts
of the Yakima River Basin, the load of arsenic in
agricultural drains probably represents a large
proportion of the arsenic load passing the Yakima
River at Kiona, the terminus of the basin. For
example, Sulphur Creek Wasteway has an annual
streamflow representing only about 8 percent of
the annual streamflow at the Kiona fixed site, yet
accounts for nearly 20 percent of the dissolved-
arsenic load at Kiona. Comparisons, between
loads determined from filtered-water samples
(an operational approximation of dissolved load)
and loads determined from arsenic in suspended



sediment, show that the annual dissolved-arsenic
loads at fixed sites in the lower Yakima Valley are
from four to nine times higher than their respec-
tive suspended loads.

Fish taxa provide the most comprehensive
spatial coverage for arsenic, mercury, and sele-
nium; however, no single fish taxon is widely
distributed across the Yakima River Basin. The
aquatic-insect taxon Hydropsyche spp. provides
the most comprehensive spatial coverage of any
single insect taxon. Concentrations of several
elements, including cadmium, mercury, and sele-
nium, in various taxa (except sculpin) were higher
in the main stem of the lower Yakima Valley than
in the Kittitas and mid-Yakima Valley. In moun-
tain whitefish livers from the lower Yakima
Valley, the concentrations of mercury (1.3 pg/g)
and selenium (15 pg/g) were nearly twice that
measured in mountain whitefish in the Kittitas
Valley—similar patterns also were observed for
largescale suckers. Compared with other studies
of mercury in liver tissue of pike and mud fish,
mercury concentrations in some mountain white-
fish in the lower Yakima Valley are indicative of
moderate enrichment. Sculpin were not sampled
in the main stem; however, concentrations in
some mid-Yakima Valley tributaries that drain the
Northern Cascades were about 10 times higher
(because of geologic sources of selenium) than in
Satus Creek, a lower Yakima Valley tributary.
Concentrations of selenium in sculpin in the
Yakima River Basin (mean and 85th percentile
values) also exceeded those for sculpin in the
National Contaminant Biomonitoring Program.

INTRODUCTION

One of the most difficult issues facing water
managers today is protecting the Nation’s water
resources while maintaining viable industrial and
agricultural activities. Over the last several decades,
concern about the water quality of our Nation’s water-
ways has intensified. Federal, State, and local govern-
ments, as well as the public in general, recognize the
detrimental effects of major and especially trace
elements that enter surface waters from point and

nonpoint sources. When present in excessive concen-
trations, these elements may cause acute toxicity in the
water column as well as accumulate in the tissues of
aquatic organisms to toxic amounts, thereby altering
the aquatic-community structure. Trace elements enter
the aquatic environment from sources that include the
weathering of rocks and human activities.

Streambed sediment is derived primarily from
the physical and chemical weathering of rocks at the
Earth’s surface. Initially, rock is transformed into an
aggregate of loose material by physical weathering
processes, such as frost. The freshly disaggregated
rock surfaces are then subject to chemical-weathering
processes when water is present. Chemical-weathering
processes (hydration and hydrolysis, oxidation and
reduction, and the action of carbon dioxide) enable
some of the physically disaggregated rocks to dissolve
in water. Additionally, other rocks may be altered
chemically by reacting with ions present in water or
may remain totally unaltered by the action of water.
The physically, and sometimes chemically, disaggre-
gated rocks ultimately are transported to surface water
by the action of rain, ice, wind, and animals (including
man). Once in surface water, streambed sediment is
known as suspended sediment. Trace-element concen-
trations in suspended sediment often are inversely
related to grain size because they tend to sorb on sedi-
ment-particle surfaces (Horowitz, 1991; Forstner and
Wittmann, 1979). Larger streamflows (often capable
of suspending larger grain-sized sediment) normally
carry lower concentrations of suspended trace ele-
ments; conversely, higher streamflows (normally capa-
ble of suspending only fine-grain-sized sediment)
normally carry higher concentrations of sus-
pended-trace elements.

Once in the aquatic environment, streambed
sediment becomes an important sink, or accumulator,
of potentially toxic trace elements like arsenic, cad-
mium, copper, mercury, and zinc that enter streams
from point and nonpoint sources. Many of these ele-
ments can be remobilized from streambed sediment to
overlying water. Some of these trace elements are
essential to aquatic biota. At the cellular level, ele-
ments like copper and zinc chemically bond to protein
molecules and catalyze enzymatic reactions; addition-
ally, without these trace elements, organisms would
fail to grow or complete their life cycles (Forstner and
Wittmann, 1979). The same trace elements, however,
can be toxic at the cellular level in aquatic biota when
concentrations exceed those required for cellular



metabolism and, additionally, can accumulate in
aquatic biota and pass up the food chain. Thus,
contaminants can disrupt the structure of the aquatic-
biological community and through trophic transfers
and biomagnification can pose a risk to consumers
near the top of the food chain, including humans.

Background

In 1986, Congress appropriated funds for the
U.S. Geological Survey (USGS) to implement a pilot
program to test and refine concepts for a National
Water-Quality Assessment (NAWQA) Program
(Hirsch and others, 1988). The Yakima River Basin
was one of four surface-water pilot studies selected to
refine NAWQA concepts (McKenzie and Rinella,
1987). The Yakima River Basin study included a plan-
ning phase in 1986, a data-collection phase from 1987
to 1990, and a report-writing phase that began in 1991.
This report, one of several topical reports for the
Yakima NAWQA study, presents the spatial and tem-
poral distribution of major and trace elements in water,
sediment, and aquatic biota.

The full-scale NAWQA Program, which
entails operation of 60 combined surface-water and
ground-water study units and covers about 60 to
70 percent of the Nation’s water use, began operation
in 1991 (Leahy and others, 1990). The NAWQA Pro-
gram will provide results that are useful in understand-
ing and managing water resources and will address
national water-quality issues. Specifically, the goals of
the NAWQA Program are to:

1. Provide a nationally consistent
description of current water-quality
conditions for a large part of the
Nation's water resources;

2. Define long-term trends (or lack of trends)
in water quality; and

3. Identify, describe, and explain, as
possible, the major factors affecting
observed water-quality conditions and
trends.

The program is perennial and will involve a
cyclic pattern of 3 years of active sampling followed
by a period of low-level sampling. This cyclic pattern
of sampling is sufficient to define long-term trends in
water quality. The water-quality issues addressed in
the program are broad, covering topics such as

euthrophication, pesticides, major and trace elements, !

fecal indicator bacteria, suspended sediment, temper-
ature, and aquatic biota.

Purpose and Scope

Most trace elements in the aquatic environment
result from natural sources; however, some trace ele-
ments result from anthropogenic sources or a mixture
of natural and anthropogenic sources. With traditional
environmental studies, it is often difficult to separate
these sources and to assess the effects on the aquatic
environment. Similarly, with traditional studies, it is
often difficult to relate elements in water and sediment
media to land use or geology and even more difficult
to relate elements in water and sediment media to ele-
ment concentrations in aquatic biota. Determining
activities and conditions that affect the distribution and
bioaccumulation of trace elements, therefore, entails a
basinwide sampling of lower and higher order”
streams. The purpose of this report is to describe, to
the extent possible:

(1) The occurrence and distribution of selected
elements in water, sediment, and aquatic biota of
the Yakima River Basin;

(2) The temporal variation for element concentrations
in filtered water and in suspended sediment at
selected sites;

(3) The suitability of surface water for preservation of
aquatic life and protection of human health;

(4) The major natural and anthropogenic sources in the
Yakima River Basin that affect observed
water-quality conditions; and

lAlthough definitions of the terms “major” and “trace” in
reference to element concentration are not precise, substances
typically occurring in concentrations of less than 1,000 parts per
million (less than 0.1 percent) are considered trace elements
(Forstner and Wittmann, 1979, p. 5). Elements typically occur-
ring in concentrations of greater than 1,000 parts per million are
considered major elements. In this report major elements are
reported in concentration units of percent and minor elements
are reported in concentration units of micrograms per gram.

’In this report, lower order streams are defined as first- or
second-order tributaries and higher order streams are defined as
third-order or larger tributaries—the largest being the main stem
of the Yakima River. The smallest unbranched mapped
(1:24,000 map scale) tributaries are first-order tributaries,
streams receiving only first-order tributaries are second-order
tributaries, larger streams receiving only first- and second-order
tributaries are third-order, and so on (Horton, 1945).



(5) Implications of the assessment study with regard to
future monitoring activities, assessment studies,
and water management.
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THE YAKIMA RIVER BASIN

The Yakima River flows 214.5 miles from the
outlet of Keechelus Lake, in the central Washington
Cascade Range, southeasterly to the Columbia River,
draining an area of 6,155 mi~ (square miles) (fig. 1)
(Columbia Basin Inter-Agency Committee, 1964).
The Yakima River Basin is one of the most intensively
irrigated areas in the United States. The main stem and
its largest tributary, the Naches River, have perennial
streamflow with peak runoff occurring during peak
snowmelt, usually in April and May. The Bureau of
Reclamation’s Yakima Project has seven irrigation
divisions and provides water to irrigate almost one-
half million acres. The project facilities include
6 storage dams, 416 miles of canals, 1,701 miles of
laterals, 30 pumping plants, 145 miles of drains,

2 small power plants, and 74 miles of transmission
lines (Bonneville Power Administration, 1985). Many
of these waterways, most of which are natural streams,
convey agricultural runoff and drainage, livestock
wastes, and sewage-treatment-plant effluent to the
main stem. Surface-water diversions account for about
60 percent of the mean annual streamflow from the
basin. Return flows, downstream from the city of
Yakima, contribute as much as 80 to 90 percent of the
flow in the lower main stem during irrigation season.
A schematic diagram of selected inflows and outflows
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is shown in figure 2. Many of these inflows carry agri-
cultural return flow.

The Yakima River Basin contains a variety of
landforms, including the high peaks and deep valleys
of the Cascade Range, the broad valleys and basalt
ridges of the Columbia River Plateau, and the low-
lands. Altitude in the basin ranges from about
340 ft (feet) at the mouth of the Yakima River, to
8,184 ft in the headwaters located in the Cascade
Range. Glaciation has carved deep valleys in the
high mountains, and currently, erosion by streams
and small glaciers continues on the steep gradients.
Mean annual precipitation in the basin ranges from
140 inches per year in the mountains to less than
10 inches per year in Kennewick, near the mouth of
the basin. The eastern part of the basin consists of
basalt flows, which form ridges trending northwest-
southeast with valleys between them, and is more arid

than the western part that is forested and mountainous.

It is estimated that before 1880, anadromous fish
runs were more than 500,000 annually in the Yakima
River Basin. By 1905, however, construction of irriga-
tion projects, including reservoirs, had affected fish
habitat and fish migrations. By 1920, anadromous fish
runs had declined to 12,000 per year and in the 1980s
declined to less than 4,000 adults of all species (Bon-
neville Power Administration, 1988). Currently, the
major factors considered to affect fisheries in the basin
are loss of fish habitat, mortality of smolts as they
migrate down the Yakima and Columbia Rivers to the
ocean, fishing pressures on the Columbia River and in
the ocean, and poor water-quality conditions.

Stream Reaches

The Yakima River descends from a water-
surface altitude of 2,449 ft at the foot of Keechelus
Dam to 340 ft at its mouth, downstream from Horn
Rapids Dam near Richland (fig. 3). The headwater of
Keechelus Lake and other tributaries flowing to the
lake range in altitude from about 2,500 ft to more
than 6,000 ft on the eastern slopes of the Cascade
Range. Because of physical characteristics, the
Yakima River Basin can be divided into three distinc-
tive river reaches (fig. 3). The upper reach drains the
Kittitas Valley, is high gradient, and has an average
streambed slope of 14 ft/mi (feet per mile) that extends
67.5 miles from the foot of Keechelus Dam to just
upstream from Wilson Creek (river mile [RM] 147). In
this reach, the river is shallow and the streambed is

composed mostly of cobble and large gravel with
some boulders, sand, and silt. Rocks are covered
lightly with periphyton and slightly embedded in sedi-
ment.

The middle reach drains the mid-Yakima Valley
and extends a distance of 39.5 miles from Wilson
Creek to Union Gap (RM 107), also is high gradient,
and has an average streambed slope of 11 ft/mi (fig. 3).
Located on the Yakima River in the mid-Yakima
Valley are the Roza (RM 127.9), Wapato (RM 106.6),
and Sunnyside (RM 103.8) Dams that raise the
hydraulic head of the river to divert water into irriga-
tion canals. Upstream from the irrigation diversion
dams, small stream segments of 1.0 RM or less are in
backwater and accumulate fine-fraction sediment.
Several waterways, including Wilson Creek and
Moxee Drain, carry sediment-laden, irrigation return
flow to the middle reach during the irrigation season
(March 15 through October 15). Typical suspended-
sediment concentrations during the irrigation season
were about 100 mg/L (milligrams per liter) and
650 mg/L for Wilson Creek and Moxee Drain, respec-
tively. Some of this sediment-laden water is, in turn,
diverted into the Roza, Wapato, and Sunnyside irriga-
tion canals. Sediment also is deposited in low-velocity
backwaters of the middle reach. The fine-fraction sedi-
ment is transported farther down the main stem. Simi-
lar to the upper reach, the middle reach is shallow and
the streambed is composed mostly of cobble and large
gravel with some boulders, sand, and silt. In general,
the rocks are covered lightly with periphyton and are
free of rooted aquatic plants. Conversely, physical
characteristics in reaches affected by backwaters of
diversion dams are notably different. For example, the
substrate in backwater of the Roza Dam is predomi-
nantly silt/clay with some organic matter and supports
rooted aquatic plants.

The Naches River, a major tributary with
1,106 mi” of drainage area, flows into the mid- Yakima
Valley at RM 116.3. The Naches River is a high-
gradient stream with an average streambed slope of
36 ft/mi. The Naches River ranges in altitude from
2,560 ft at the confluence of the Little Naches and
Bumping Rivers to 1,070 ft at its mouth (headwaters
of the Naches River have water-surface altitudes
as high as 6,000 ft). The river is shallow and the
streambed is composed mostly of cobble and large
gravel with some boulders, sand, and silt. Rocks are
covered lightly to moderately with periphyton and are
embedded slightly in sediment. The vegetative cover
and thin soil mantle of the upper Naches Subbasin
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Figure 2. Schematic diagram showing relative positions of selected tributaries, diversion canals, return flows, and
streamflow-gaging stations in the Yakima River Basin, Washington.
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limit the amount of suspended sediment in the stream.
Steep river gradients tend to keep most sediment sus-
pended until the Naches River flows into the middle
reach where velocities decrease in the backwaters of
the Wapato and Sunnyside Diversion Dams.

The lower reach of the Yakima River drains the
lower Yakima Valley and has an average streambed
slope of 7 ft/mi and extends for 107.5 miles from the
city of Union Gap to the mouth of the Yakima River
(fig. 3). The streambed slope, streamflow, and average
velocity are highly variable through this reach. During
the irrigation season, streamflow in the main stem
below the Wapato and Sunnyside Diversion Dams
commonly is less than a few hundred cubic feet per
second; streamflows remain low until irrigation water
returns to the main stem by waterways between Parker
(RM 104.6) and Mabton (RM 59.8). During the 1974—
81 irrigation seasons, as much as 80 percent of the
mean monthly irrigation return at Kiona was from trib-
utaries carrying irrigation return flow between Parker
and Kiona (Rinella and others, 1992). The upstream
part of the lower reach of the Yakima River has a steep
channel slope (12.8 ft/mi) which decreases midway
through the reach (0.9 ft/mi) and results in a slow
moving, meandering pool. The pool, located upstream
from the Euclid Street Bridge (RM 55) near Grand-
view, is hydraulically characterized as a stilling basin
behind a bedrock control. The pool is a depositional
reach and contains predominantly silt/clay and some
small gravel and organic matter. The substrate in the
higher gradient sections, preceding and following the
pool, is similar to that of the upper and middle reaches.
Numerous rooted aquatic plants exist along the lower
reach, especially in the vicinity of Horn Rapids Dam
(RM 18.0).

Geologic Overview
By Marshall W. Gannett

The Yakima River Basin comprises parts of the
Columbia Plateau and the Cascade geologic provinces.
The largest segment of the basin, including the entire
southern and eastern parts, is in the Columbia Plateau,
a province that consists primarily of basaltic lava flows
with minor interbedded and overlying sediment. The
western and northern margins of the basin are in the
Cascade Range (fig. 1). The mountains in the basin
consist of a complex assemblage of volcanic, sedimen-
tary, metamorphic, and intrusive rocks.

Approximately two-thirds of the Yakima River
Basin is in the Columbia Plateau province. In the
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Yakima River Basin, this province is dominated by
lavas of the Columbia River Basalt Group, which
include the Grande Ronde, Wanapum, and Saddle
Mountain Basalts (Walsh and others, 1987). The basalt
occurs as multiple flows, each ranging in thickness
from 10 to more than 100 ft. Compressional forces in
the Earth's crust during and after the emplacement of
Columbia River Basalt Group lavas have warped and
faulted the basalt into a series of east-northeast to
east-southeast trending valleys and ridges. The ridges
include the Horse Heaven Hills, the Rattlesnake Hills,
and Toppenish, Ahtanum, Umtanum, Manastash,
Naneum, and Yakima Ridges (fig. 1). Some of the low-
lands between these basalt highlands have accumu-
lated significant amounts of sediment. Major sediment
accumulations, such as the Ellensburg Formation, are
in structural lows of the Kittitas, Selah, Yakima, and
Toppenish sedimentary basins according to Smith and
others (1989).

Basalt flows of the Columbia River Basalt
Group are overlain by, and locally interbedded with,
sedimentary deposits. The major sedimentary unit in
the Columbia Plateau province, in the Yakima River
Basin, is the Ellensburg Formation, which consists
chiefly of volcaniclastic material derived from the
Cascade Range. Smith and others (1989) report that
more than 1,000 ft of coarse-grained volcaniclastic
sediment has accumulated over many parts of the
Yakima River Basin.

A variety of unconsolidated surficial deposits of
Quaternary age is present on the Columbia Plateau in
the Yakima River Basin. These deposits include allu-
vial deposits along rivers and streams, alluvial terrace
deposits, loess, and deposits resulting from cata-
strophic glacial outburst floods that inundated the
lower part of the basin during the Pleistocene Epoch
(Waitt, 1985). These catastrophic flood deposits are
present up to an altitude of about 1,000 ft in parts of
the basin (Waitt, 1985).

Approximately one-third of the Yakima River
Basin is located in the Cascade Range geologic prov-
ince. The Cascade Range province includes parts of
the western and northern margins of the basin. The
southern part of the Cascade Range in the basin, south
of the Naches River, is dominated by Tertiary volcanic
rocks, which include basalt and andesite flows, flow
breccias, and related pyroclastic and volcaniclastic
rocks (Walsh and others, 1987). Tertiary volcanic
units are predominant in the middle part of the Tieton





















Table 1. Sampling-site locations and media sampled for major and trace elements, Yakima River Basin,
Washington, 1987-91
[S, streambed sediment; SS, suspended sediment; T, aquatic-biota tissue; F, filtered water; U, unfiltered water; RM, river mile;
STP, sewage treatment plant; and DID, drainage irrigation district; --, not analyzed)

Media
Sediment Water
Site
reference Station
number Site name number' | Latitude | Longitude | S| SS [ T| F | U
1 Waptus River at mouth near Roslyn 12478100 [47°25"13”[ 121°05"15” | X | - | X | - | -
2 Cle Elum River above Cle Elum Lake near 12478300 [47°21°19”| 121°0622" | - | - | ~ [ x| --
Roslyn
3 Jungle Creek near mouth near Cle Elum 12479720 [47°2030” | 120°51759” | X | -- X |-
4 North Fork Teanaway River below bridge at 12479750 |47°17°217| 120°51730” | -- | -- - -
Dickey Creek Campground
5 Teanaway River below Forks near Cle Elum 12480000 |47°14748” | 120°51736” —- |-
6 Yakima River at Cle Elum 12479500 |[47°11735”| 120°56'55” X |x
7 Naneum Creek below High Creek near 12483750 |47°10755”| 120°26"44” - S -
Ellensburg
8 Taneum Creek at Taneum Meadow near Thorp | 12481900 |47°06'47”| 120°52°01” | X | - | X | - | -
9 Yakima River at Thorp Highway bridge at 12482800 [47°0020”| 120°35°43” | - | - | - | X | --
Ellensburg
10 Little Naches River at mouth near Cliffdell 12487200 [46°59720”| 121°05’55” | X | - | X -
1 American River near Nile 12488500 [46°58"39”[ 121°10°05” | - | - | -- -
12 South Fork Manastash Creek near Ellensburg 212483190 |46°58718”| 120°48'32” - -
13 American River at Hell’s Crossing near Nile 12488250 |46°58°04” | 121°15745” - - -
14 Cherry Creek above Wipple Wasteway at 12484440 |46°55'44”1 120°29°48” [ x | - [ x| - | -
Thrall
15 Wilson Creek above Cherry Creek at Thrall 12484100 |46°5535”{ 120°30°01” | - | - | -- -
16 Cherry Creek at Thrall 12484480 |46°55734”| 120°29°51” | - | ~ | X -
17 Bumping River at Soda Springs Walkway near | 12488050 |46°55"27”| 121°12"50” | - | - | -- -
Nile
18 Naches River at Cottonwood Campground near | 12489050 46°54’24” | 121°01733” | - | - | - [ x| -
Cliffdell
19 Yakima River at Umtanum 12484500 |46°51746” | 120°28"44” X X
20 Umtanum Creek near mouth at Umtanum 12484550 |46°5127”| 120°29"46” - -
21 Rattlesnake Creek above Little Rattlesnake 312489150 |46°48°50” | 120°56'58” - -
Creek near Nile
22 Rattlesnake Creek above North Fork 12489100 [46°48"34”] 121°04°08” | x | - | x| - | --
Rattlesnake Creek near Nile
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Table 1. Sampling-site locations and media sampled for major and trace elements, Yakima River Basin,
Washington, 1987-91—Continued
[S, streambed sediment; SS, suspended sediment; T, aquatic-biota tissue; F, filtered water; U, unfiltered water; RM, river mile;
STP, sewage treatment plant; and DID, drainage irrigation district; --, not analyzed]

Media
Sediment Water
Site
reference Station
number Site name number! | Latitude | Longitude { S| SS (T | F | U
23 Yakima River above canal diversion at RM 128 | 12484950 (46°45°03”| 120°2752” [ - | - | - | X | --
at Roza Dam
24 Tieton River at mouth near Naches 12493100 |46°44739” | 120°47°06” | - | - | - | X | -
25 Yakima River above Selah Creek at Pomona 12485550 |46°42"32”| 120°28"25" | - | - | - | x| -
26 Naches River near North Yakima 12499000 |46°37°42”| 120°31710” X X | X
27 Wide Hollow Creek at West Valley Middle 12500437 |46°34°56” | 120°36"34” - X |-
School near Ahtanum
28 Tributary to Moxee Drain at Bell Road near 12500415 |46°3326”] 120°26'32” | - | - | - | X | --
Union Gap
29 Wide Hollow Creek at old STP at Union Gap | 412500442 |46°3235”| 120°28"26” - | x -
30 Moxee Drain at Thorp Road near Union Gap | 12500430 [46°32"18”| 120°27'19” - -
31 Ahtanum Creek at Union Gap 12502500 |46°32"10” | 120°28"20” - - -
32 Yakima River above Ahtanum Creek at Union | 12500450 |[46°32°04”| 120°27°58” | - | X |- | X | X
Gap
33 Yakima River at Parker 512503950 |46°30722”| 120°27°07” - X |-
34 South Fork Ahtanum Creek above Conrad 12500900 |46°29"32”| 120°57°23” - | -
Ranch near Tampico
35 Unnamed drain at Progressive Road near 12507050 |46°25'09”| 120°35°45” | - | - | - | X | -
Harrah
36 Yakima River at RM 91 at Zillah 12505320 |46°24°07”{ 120°1654” | - | - | -- -
37 East Toppenish Drain at Wilson Road near 12505350 |46°22°04”| 120°1500" | - | - | - | X | --
Toppenish
38 Yakima River at Bridge Avenue at Granger 12505440 |46°20°16” | 120°11748” | - | - | - | x| -
39 Sub 35 Drain at Parton Road near Granger 12505410 |46°20°117| 120°13°48” | - | - |- | x| -
40 Granger Drain at mouth near Granger 12505460 |46°20°10”| 120°11738” | x | - [ x| x| -
41 Marion Drain at Indian Church Road at 12505510 |46°19°52”| 120°1154” | - | - | - | X | -
Granger
42 Yakima River below Toppenish Creek at RM | 12507525 |46°18'58” 120°09"13” | X | -- | x| - | --
79.6 near Granger
43 Toppenish Creek at Indian Church Road near | 12507508 |46°18'52”| 120°11’53” | x | - | x| x| -
Granger
44 Toppenish Creek near Fort Simcoe 12506000 |46°18°40”| 120°47°13" | - | - |- | x| -
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Table 1. Sampling-site locations and media sampled for major and trace elements, Yakima River Basin,
Washington, 1987-91—Continued
[S, streambed sediment; SS, suspended sediment; T, aquatic-biota tissue; F, filtered water; U, unfiltered water; RM, river mile;
STP, sewage treatment plant; and DID, drainage irrigation district; --, not analyzed]

Media
Sediment Water
Site
reference Station
number Site name number' | Latitude | Longitude | S | 8§ | T| F | U
45 Yakima River at Van Geison Bridge near 12511800 [46°17'50”] 119°19'56" | - | - | - | X | --
Richland
46 DID 3 Drain below STP at Midvale Road at 12508838 (46°17°28”| 120°%01°48” | - | - | - | X | --
Sunnyside
47 Satus Creek at Gage at Satus 12508620 |46°1626” | 120°08"32” - X | -
48 Yakima River at RM 72 above Satus Creek 12507585 |46°16'11”| 120°05"30” - —- -
near Sunnyside
49 Yakima River above Chandler Pump at RM 12509900 [46°15°58”| 119°35'18” | - | - | - | X [ --
35.9 near Whitstran
50 Yakima River at Kiona 12510500 |46°15°13”[ 119°28"37” | X | X | X X
51 Yakima River below Satus Creek at RM 68 12508625 |46°15°06” [ 120°05°45” | - | - | - -
near Satus
52 Sulphur Creek Wasteway near 12508850 [46°15°03”] 120°01°07” | X | X | X [ X [ X
Sunnyside
53 Satus Creek below Dry Creek near Toppenish | 12508500 |46°15°00” | 120°22°40” - X |-
54 Spring Creek at mouth at Whitstran 12509710 [46°14°00” | 119°40738" . - -
55 Yakima River at Mabton 12508990 |46°13'53”| 119°5954” | - | - | -- -
56 Yakima River at Euclid Bridge at RM 55 near | 12509050 [46°1301”| 119°5500” | X | X | X X
Grandview
57 Satus Creek above Wilson-Charley Canyon 12507594 [46°01°00”| 120°40°54” | X | - | X | - | -
near Toppenish

!This number can be used for computer retrieval of suspended-sediment, filtered-water, and unfiltered-water chemical data from either the U.S.
Geological Survey’s WATer data STOrage and REtrieval system (WATSTORE) or U.S. Environmental Protection Agency’s STOrage and RETrieval
system (STORET).

2For filtered-water data retrieval, use station number 12483200.

3For filtered-water data retrieval, use station number 12489300

“For filtered-water data retrieval, use station number 12500445.

SFor filtered-water data retrieval, use station number 12505000.

19




Table 2. Major and trace elements analyzed in aquatic biota, water, and sediment, Yakima River Basin, Washington, 1987-91
[--, not analyzed]

-

Element Aquatic biota Water Sediment

analyzed Insects Fish Clams | Plants Filtered Unfiltered Streambed | Suspended

Major Elements

Aluminum X X X X X X

Calcium -- X X -- - -

| >

Carbon, inorganic - -- - - . —

Carbon, organic - -- = . X —

>

Carbon, total -- - - - - .

Iron X X X X X X

Magnesium X X X X -- -

Phosphorus -- -- -- - - .

Potassium - - X - i -

Sodium -- -- X - - -

Sulfur - -- - - - -

R R ke kel kel Rl K
[ < | <] <

Titanium X X X - - _

Antimony -- -- -- =

Arsenic

X X X X
Barium X X X X
Beryllium X X X X

Bismuth - -- - — - -

>
b KalkelEaikel ke
>

Boron X X X X

X
Bromide -- - -- -- X -
Cadmium X X X X X

Cerium -- -- - - . —

Chromium

>
| > | <) <

Copper

X X X X

Cobalt X X X - X -
X X X X
X

Cyanide -- - - -

Europium - - - - - .

Gallium -- -- - - - .

Gold - -- -- - - .

Lanthanum - -- - - _ -

Lead X X X X

Lithium - - - -

Manganese

X X X X
Mercury X X X X
Molybdenum X X X X

Neodymium -- -- -- - - -

Nickel X X X X X X

Niobium — - -- - A _

Scandium — -- -- _ -

Selenium

X < e
i e Kl K K Ee Rl el K e Ke Ka Kal Kal K Ka

Strontium

X X
Silver X X
X X
X X

Thallium

>

Thorium -- - - . — —

Tin - - - - - -

Uranium - - - - - -

Vanadium X X X X X --

Ytterbium - - -- - — =

Yttrium - - -- - - _

| >R <] < <] <y e
ba

Zinc X X X X X X
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Of the seven fixed sites, the Yakima River above
Ahtanum Creek at Union Gap (site 32) and the
Yakima River at Kiona (site 50) were sampled most
frequently. Additionally, unfiltered samples had
been collected previously at these sites as part of the
USGS NASQAN program. Trace-element concentra-
tions in unfiltered water were used to determine the
suitability of surface water for supporting aquatic life,
based on USEPA guidelines for freshwater aquatic life
(U.S. Environmental Protection Agency, 1986, 1992c¢).
These guidelines are based on a total recoverable
method (trace elements removed by a mild-acid
extraction of an unfiltered-water sample) in which
complete digestion of all particulate matter is not
achieved and the determination actually represents
something less than 95 percent of the trace-element
concentration being sought. This extraction method
is similar to that used on unfiltered-water samples
analyzed by the USGS National Water Quality
Laboratory (Fuhrer, Fluter, and others, 1994). The
analytical method for determining trace-element con-
centrations in suspended sediment is termed a total
method (elements removed by a harsh-acid extraction
of a suspended sediment sample) in which complete
digestion is nearly achieved and the determination
actually represents something greater than 95 percent
of the trace-element concentration being sought
(Fuhrer, Fluter, and others, 1994). Trace-element con-
centrations determined using the total-recoverable
method for unfiltered-water samples will be compared
to trace-element concentrations from the total method
for suspended-sediment and filtered-water samples.

If the sum of the trace-element concentrations from
the suspended-sediment sample and the filtered-water
sample were similar to the trace-element concentra-
tions in unfiltered water, then the sum of the trace-
element concentrations in filtered water and suspended
sediment, for the period March 1987 to April 1990,
were evaluated against USEPA guidelines for fresh-
water aquatic life.

Sampling frequency for the aquatic biota
medium varied among sampling sites (table 4). A pre-
liminary sampling for trace elements in the tissue of
aquatic biota was made in May 1989 (sites 3, 19, 20,
and 27) to test and refine collection and processing
methods for aquatic biota. Aquatic biota were sampled
at 34 sites from 1989 to 1990—seven sites were
located on the main stem. The aquatic biota medium
included analyses of plant tissues, such as algae
(unidentified specimens), curlyleaf pondweed
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(Potamogeton crispus), waterweed (Elodea sp.), and
coontail (Ceratophyllum demersum); fish tissues, such
as rainbow trout (Oncorhynchus mykiss), mountain
whitefish (Prosopium williamsoni), sculpin (Cottus
spp.), brook trout (Salvelinus fontinalis), bridgelip
sucker (Catostomus columbianus), largescale sucker
(Catostomus macrocheilus), chiselmouth (Acrocheilus
alutaceus), carp (Cyprinus carpio), and cutthroat trout
(Oncorhynchus clarki), Asiatic clam (Veneroida: Cor-
biculidae Corbicula fluminea), western pearlshell
(margaritifera falcata); and aquatic insects, such as
caddisflies (Arctopsyche spp.) (Cheumatopsyche spp.)
(Parapsyche spp.) (Hydropsyche amblis) (Hydrop-
syche californica) (Hydropsyche cockerelli) (Hydro-
psyche occidentalis), stoneflies (Calineuria spp.)
(Claassennia spp.) (Doroneuria spp.) (Hesperoperla
spp.) (Isoperla spp.) (Megarcys spp.) ( Perlinodes spp.)
(Skwala spp.) (Pteronarcys spp.), and mayflies (uni-
dentified) (see table 3).

Streamflow was usually measured during each
site visit for sites not equipped with continuous stage
recorders. All fixed sites were equipped with stage
recorders—stage was recorded every 30 minutes.
Streamflow rating tables were developed and updated
for fixed sites according to methods described by
Buchanan and Somers (1969). At sites not equipped
with stage recorders, either suspension- or wading-
streamflow measurements were made according to
methods described by Buchanan and Somers (1969).

Loads were determined for selected trace ele-
ments using the ESTIMATOR load computation
model version 92.07 (Cohn and others, 1992). The
ESTIMATOR model uses the minimum variance unbi-
ased estimator for estimating constituent transport.
Daily mean streamflow and trace-element concentra-
tions for the period 1987-89 were used to calculate
monthly and annual loads at the fixed sites in the
Yakima River Basin. Equations used by ESTIMATOR
for calculating specific constituent loads are found in
the appendix.

Water and Suspended Sediment

Water and suspended sediment were sampled
using an equal-width-increment method, which
requires a sample volume proportional to the amount
of flow at each of several equally spaced verticals in
the stream cross section (Edwards and Glysson, 1988).
A minimum of 10 verticals was sampled in the stream



Table 4. Sampling frequency for major and trace elements in aquatic biota, Yakima River Basin, Washington, 1989-91

[X, aquatic biota sampled in the month and year indicated]

Site
referencs site name joso | vass | tes | Caser
1 Waptus River at mouth near Roslyn X
3 Jungle Creek near mouth near Cle Elum X
4 North Fork Feanaway River below bridge at Dickey Creek Campground X
5 Teanaway River below Forks near Cle Elum X
6 Yakima River at Cle Elum X X
7 Naneum Creek below High Creek near Ellensburg X
8 Taneum Creek at Taneum Meadow near Thorp X X
10 Little Naches River at mouth near Cliffdell X
12 South Fork Manastash Creek near Ellensburg X
13 American River at Hell’s Crossing near Nile X X
14 Cherry Creek above Wipple Wasteway at Thrall X
16 Cherry Creek at Thrall X X
19 Yakima River at Umtanum X X X X
20 Umtanum Creek near mouth at Umtanum X X X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile X X X
26 Naches River near North Yakima X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum X X
29 Wide Hollow Creek at old Sewage Treatment Plant at Union Gap X X
30 Moxee Drain at Thorp Road near Union Gap X
31 Ahtanum Creek at Union Gap X
33 Yakima River at Parker X X
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico X
40 Granger Drain at mouth near Granger X X
42 Yakima River below Toppenish Creek at river mile 79.6 near Granger X
43 Toppenish Creek at Indian Church Road near Granger X
47 Satus Creek at Gage at Satus X X
48 Yakima River at river mile 72 above Satus Creek near Sunnyside X
50 Yakima River at Kiona X X X
52 Sulphur Creek Wasteway near Sunnyside X X
53 Satus Creek below Dry Creek near Toppenish X
54 Spring Creek at mouth at Whitstran X X
56 Yakima River at Euclid Bridge at river mile 55 near Grandview X X
57 Satus Creek above Wilson-Charley Canyon near Toppenish X X
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cross section. Additional verticals were sampled at
sites where water in the cross section may not have
been equally mixed because of nearby tributary inflow.
Samples were collected using USGS depth-integrating
samplers fitted with polyethylene, 3-liter bottles. The
D-77 (depth-integrating sampler) is an epoxy-coated
brass sampler that is operated by a cable and reel
assembly; this sampler was used most of the time for
sampling. The DH-81 (depth-integrating, hand-held
sampler) was an optional sampler used when stream-
flow conditions permitted crossing the stream by
wading.

Equipment used for trace-element sampling was
washed in liquinox and rinsed in distilled deionized
water. Sample containers and equipment, with the
exception of depth-integrating samplers, were rinsed
again in 10 percent (by volume) hydrochloric acid.
The depth-integrating sampler was not rinsed because
the water sample did not come into contact with the
sampler body. The acid rinse was followed by several
rinses with distilled deionized water. All equipment
was thoroughly rinsed in native stream water prior to
sample collection.

Analytical methods have become more sensitive
to contamination because of decreases in the analytical
limit of determination. Field-processing methods and
sampling equipment were evaluated by the USGS
Office of Water Quality to determine if they were a
source of contamination to water samples analyzed at
concentrations of parts per billion (micrograms
per liter). Personnel from the Yakima NAWQA study
participated in two field-processing and equipment
blanks for cadmium, copper, lead, and zinc in fil-
tered-water samples (Fuhrer, Fluter, and others, 1994).
Cadmium, copper, lead, and zinc were among a listing
of trace elements derived by the Office of Water
Quality that pose a risk of contaminating water sam-
ples that are processed using certain water-quality
samplers and processing techniques (D.A. Rickert,
U.S. Geological Survey, written commun., 1991).
Blanks (assayed distilled-deionized water) run on the
type of sampler and processing equipment used to col-
lect water samples at fixed sites contained concentra-
tions of cadmium, copper, lead, and nickel that were
lower than the analytical limit of determination for the
Yakima study, and were similar to background con-
centrations found in the blank water prior to the test
(Fuhrer, Fluter, and others, 1994). A second study was
made by the Office of Water Quality (D.A. Rickert,

U.S. Geological Survey, written commun., 1992) to
determine the potential for trace-element contamina-
tion from a variety of surface-water-quality samplers
including the D-77 (depth-integrating) sampler. The
Office of Water Quality concluded that the D-77
sampler with a polyethylene sample bottle is suitable
for trace-element sampling at the parts per billion
level. Furthermore, specific cleaning techniques
were recommended for sampling and processing
equipment which include a detergent wash, water
rinse, acid soak/rinse, and several distilled water rinses
(D.A. Rickert, U.S. Geological Survey, written com-
mun., 1992). Cleaning techniques similar to these
were used on sampling equipment used at fixed-
location sampling sites (Fuhrer, Fluter, and others,
1994).

Filtered and unfiltered-water samples were pre-
served according to methods described in Fishman and
Friedman (1989) and shipped on ice from the field to
the USGS National Water Quality Laboratory in
Arvada, Colorado. The samples were analyzed for
major and trace elements according to methods
described by Fishman and Friedman. For fixed sites, a
small suite of trace elements (cadmium, copper, and
lead) was determined with an atomic absorption
spectrometer in conjunction with a graphite furnace
containing a graphite platform (AAGF). This method
of analysis can detect low concentrations of trace
elements that may adversely affect aquatic organisms.
A larger suite of dissolved trace elements, which
included aluminum, antimony, barium, beryllium,
nickel, selenium, silver, and zinc, was determined
simultaneously on a single sample by a direct-reading
emission spectrometric method by using an induc-
tion-coupled argon plasma as an excitation source
(ICP). This ICP method of analysis was used periodi-
cally for fixed sites during the first year of operation.
Also, ICP was used during synoptic surveys in July
and November 1987; however, this method was not
ideally suited to evaluate element concentrations in
filtered water against guidelines for the protection of
freshwater aquatic life. Ambient concentrations for
some elements (for example, cadmium, copper, lead,
and zinc) with potential to adversely affect aquatic
biota, were below the analytical limit of determination
for the ICP. Method reporting levels, analytical
method codes, and listings of trace-element suites are
published in Fuhrer, Fluter, and others (1994).



Streambed Sediment

Streambed sediment was collected from five to
seven points in each cross section of the stream chan-
nel; sampling was confined to surficial sediment that is
usually in the upper one-half inch of the streambed.
All streambed-sediment samples were wet sieved
through a 62-um (micrometer) mesh polyethylene
sieve, using a minimum amount of stream-site water.

Samples were analyzed for 48 constituents; see
Ryder and others (1992) for analytic methods, limits
of determination, and decomposition methods. The
majority of elements were determined by inductively
coupled plasma-atomic emission spectrometry
(ICP-AES). Decompositions of the sediment samples
for elements measured by atomic absorption spectros-
copy (AAS) and ICP-AES are total digestions—more
than 95 percent of the element is recovered during
analysis. Total carbon was determined by combustion
techniques. The decomposition used for boron and
inorganic carbon are partial techniques. Quality assur-
ance was addressed by including standard reference
materials, random sample splits, and analytical sample
splits (Sanzolone and Ryder, 1989; Fuhrer, McKenzie,
and others, 1994, appendix A). Protocols used for
sample handling procedures, sample preparation, ana-
lytical methods, instrument use, and laboratory proce-
dures and quality control are described in Arbogast
(1990).

Aquatic Biota

Aquatic biota were collected over the period
1989-91. The 1990 data, however, are more compre-
hensive in the number of sites sampled and in using
analytical methods with low or sensitive limits of
determination. As a result, the 1990 data are used
primarily to describe the spatial distribution of trace
elements; data from other years also are used to com-
plement the 1990 data.

For sites where duplicate and triplicate measure-
ments of a single species of aquatic biota were made,
the mean trace-element concentration value was used;
these values also were used for constructing a statisti-
cal-summary table. In contrast, multiple species of
Hydropsyche were combined and reported under the
single name of caddisfly (Hydropsyche spp.). The cad-
disfly (Hydropsyche spp.) and Asiatic clam (Corbicula
fluminea) tissue concentrations were normalized by
calculating the logarithm of the trace-element concen-
trations, taking the mean of these values, and then
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calculating the antilogarithm of the aggregated data.
Thus, in the statistical-summary table, each site is
represented by a single trace-element concentration
for each species analyzed. Because of the small num-
ber of stations summarized, only minimum, median,
and maximum values were reported in the statisti-
cal-summary table for aquatic biota. The modified
1990 data were used to create maps of trace-element
distribution using a geographical information system
(GIS).

Several species of aquatic biota were collected in
order to spatially depict the distribution of trace ele-
ments in the Yakima River Basin. In 1990, for exam-
ple, the aquatic insect caddisfly (Hydropsyche spp.)
provided the greatest coverage of a single taxon for
spatially depicting trace-element concentrations.
Arsenic, mercury, and selenium, however, were not
analyzed in Hydropsyche. For these trace elements,
analyses of fish liver provided the greatest spatial
coverage where several different fish species were
sampled because no single species was present at all
sites. Conversely, Asiatic clams (Corbicula fluminea)
were sampled only at five sites in the lower Yakima
River Basin.

Chemical data for aquatic biota in the Yakima
River Basin were compared to data from other basins
for Corbicula sp. and caddisfly (Hydropsyche spp.).
Several caveats exist when making comparisons
between basins. Only general comparisons were possi-
ble because differences may exist in species collected,
size and (or) age of individuals in the sample, the tis-
sues analyzed (muscle, gills, whole body, and so
forth), analytical methods, and the way data were
reported. Data for fish liver and whole fish were con-
sidered separately, because liver tissue is a principal
site for accumulation of many trace elements, and con-
centrations of trace elements in liver tissue are typi-
cally higher than in whole fish (Kaiser and others,
1979; Finley, 1985; Ogle and others, 1988). To make
comparisons with other studies, data originally
reported as wet-weight concentrations were converted
to dry-weight concentrations; unless otherwise stated,
wet-weight data were converted using an assumed per-
cent-moisture value of 75 percent.

In 1989 and 1990-91, a U.S. Fish and Wildlife
Service (USFWS) contract laboratory and USGS labo-
ratories prepared and analyzed samples from the
Yakima River Basin (Fuhrer, Fluter, and others, 1994).
The trace elements analyzed among years are shown
in table 5. In 1989 and 1990, benthic insect samples
were not sorted, prior to chemical analysis, to the same



Table 5. Elements analyzed in whole fish, fish liver, fish
muscle, clams, and aquatic insects, Yakima River Basin,
Washington, 1989-91

Number | Year(s)

Sample of sites | collected | Elements analyzed
Whole fish 13 1990 Arsenic, mercury,
(sculpin [Cottus and selenium.
spp.] only)

Fish liver 29 1989-90 |See footnotes ! and

(multiple species) 2

Fish muscle 4 1991 Mercury

(multiple species)

Clams 6 1989-90 | See footnotes ! and

(Corbicula 2

Sfluminea and

Margaritifera

falcata)

Aguatic insects 31 1989-90 | See footnotes ! and

(multiple species) 2
Arsenic, mercury,
and selenium not
determined in
1990.

11989: silver, aluminium, arsenic, boron, barium, beryllium,
cadmium, chromium, copper, iron, mercury, magnesium, manganese,
molybdenum, nickel, lead, selenium, strontium, titanium, vanadium, and
zinc.

21990: silver, arsenic, calcium, cadmium, cobalt, chromium,
copper, iron, mercury, magnesium, manganese, molybdenum,
nickel, lead, selenium, titanium, vanadium, and zinc.

taxonomic level. In other studies, differences in the
taxonomic composition of samples have been shown
to affect comparisons of element concentrations
between years (Cain and others, 1992) and may be a
factor in the Yakima River Basin. Also, differences in
analytical methods of laboratories resulted in different
analytical limits of determination. Differences in
sample preparation or analysis between years are
explained in greater detail in subsequent sections, as
relevant to results of this study. Approach and meth-
ods, analytical methods, limits of determination, and
quality-assurance data have been described by Fuhrer,
Fluter, and others (1994) as well as trace-element data
for the different media covered in this report.

Elemental analyses of tissue from aquatic biota
are a widely accepted approach to assess temporal
(year to year) and spatial variations in environmental
contaminants (Phillips, 1980); this approach has been
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incorporated into the NAWQA program (Crawford
and Luoma, 1993). Additionally, multiple species
were sampled to provide the spatial coverage neces-
sary for the Yakima River Basin. In this manner, com-
plementary data from other species may aid in
describing spatial variations in environmental contam-
inants (Moore and others, 1991; Cain and others,
1992). Data from streambed sediment, suspended sed-
iment, and water media also were examined to help
identify natural and anthropogenic sources contribut-
ing to the spatial distribution of trace elements in
aquatic biota. Ancillary data were collected for some
species as correlative measures of bioaccumulation.
Age, size, sex, and the presence of abnormalities, for
example, were recorded as ancillary data for fish.
These data, however, were of limited use. Because a
limited number of species of fish existed at many sites,
acquiring 10 individual livers for each composite sam-
ple sometimes required collection of a wide range of
ages and sizes of fish.

Polar substances, such as cadmium, copper, lead,
and zinc, concentrate in the livers of fish but are regu-
lated to small concentrations in muscle (Crawford and
Luoma, 1993). For this reason, fish liver was selected
as the target organ for the Yakima River Basin assess-
ment of trace elements. Obtaining liver samples from a
single species that was pervasive over the basin was
problematic. Only sculpin were found in numbers suit-
able for a basinwide survey; however, sculpin were not
collected from the main stem. Sculpin were analyzed
for arsenic, mercury, and selenium. Whole bodies
were analyzed instead of the liver because sculpin are
small. Therefore, comparing absolute concentrations
of trace elements between fish liver (from other spe-
cies) and whole sculpin should be made with caution.
In 1991, fish muscle was analyzed for mercury (sites
8, 19, 22, and 50 [table 5]) to determine the risk to
human health from consumption of local game fish.

COMPARISON OF TRACE-ELEMENT
CONCENTRATIONS IN STREAMBED
SEDIMENT, WATER, AND FISH MUSCLE
TO WATER-QUALITY GUIDELINES

Bioavailability and toxicity vary with the form of
a trace element (Jenne and Luoma, 1977). Aquatic
organisms that feed on detritus are exposed to trace
elements in solution and from the ingestion of sedi-



ment (Luoma, 1989). Trace elements associated with
sediment generally are believed to be less bioavailable
than trace elements dissolved in water (U.S. Environ-
mental Protection Agency, 1992a). The toxicity to
aquatic organisms from trace elements associated with
sediment, however, is not necessarily zero. The con-
centration of total metals in sediment often are orders
of magnitude higher than in water; small geochemical
changes in the chemistry of sediment can affect solu-
tion chemistry greatly, and thus enhance bioavailabil-
ity (Luoma, 1989). For example, trace elements
associated with suspended sediment may dissolve in
the chemical environment of the gill or the gut of an
aquatic organism (U.S. Environmental Protection
Agency, 1992a; Luoma, 1983).

Streambed Sediment

As of 1993, the Washington State Department of
Ecology and USEPA Region X did not have sediment-
quality guidelines. However, the Water Resources
Branch of the Ontario Ministry of the Environment,
Canada, developed Provincial Sediment Quality
Guidelines (Persaud and others, 1993). These guide-
lines are compared with trace-element concentrations
in streambed sediment of the Yakima River Basin.

The Provincial Sediment Quality Guidelines for
trace elements are based on two levels of toxic effects.
The first level, termed the lowest effect level, repre-
sents trace-element concentrations that can be toler-
ated by a majority of benthic organisms and that are
comparable to the low effect levels determined
through a review of sediment-toxicity bioassays by the
National Oceanic and Atmospheric Administration
(Persaud and others, 1993). The second level, termed
the severe effect level, represents trace-element con-
centrations at which “pronounced disturbances of the
sediment-dwelling community can be expected” and
has been deemed a concentration that would be detri-
mental to the majority of benthic species (Persaud and
others, 1993).

The lowest effect level and the severe effect level
were derived from a survey of trace-element concen-
trations in bulk sediment in addition to a survey of
in-situ benthic abundance. Because concentrations of
trace elements in the Yakima River Basin were deter-
mined from sediment finer than 62 um in diameter
(rather than bulk sediment) and because the 62-um
size fraction tends to have higher element concentra-
tions than bulk sediment, element concentrations in
the Yakima River Basin may in some instances exceed

the Provincial Sediment Quality Guidelines, solely
due to differences in the quantity of fine-grain-sized
sediment. Consequently, instances where trace-ele-
ment concentrations in the Yakima River Basin that
exceed Provincial Sediment Quality Guidelines should
be used only as an indication of potential sediment-
quality concerns. The Provincial Sediment Quality
Guidelines are derived from a large number of data
sets—each data set represents a minimum of 10 sites
where at least 10 species of interest reside. In addition,
the sum total of the data sets is assumed to represent a
complete range of trace-element concentrations for
benthic species of interest. The 90th-percentile con-
centration is determined for the trace-element concen-
trations in each data set. These concentrations were
then pooled and plotted as a frequency distribution.
The concentration corresponding to the 5th percentile
of the frequency distribution was termed the “lowest
effect level” and, similarly, the concentration corre-
sponding to the 95th percentile of the frequency distri-
bution was termed the “severe effect level.”
Application of the Provincial Sediment Quality guide-
lines was limited, however, because the guidelines
were not based on a toxicological response and do not
directly infer a cause and effect relation between the
trace-element content of streambed sediment and the
uptake of trace elements by aquatic organisms.

Streambed sediment was compared with the
Provincial Sediment Quality Guidelines at 32 loca-
tions in the Yakima River Basin (table 6). Trace-

" element concentrations at a number of sites exceeded

the severe effect level. Trace elements that exceeded
the severe-effect level with the greatest frequency
were: iron > manganese > chromium > nickel >
arsenic. Concentrations of cadmium, copper, lead,
mercury, and zinc did not exceed the severe effect
level at any of the sites. Numerous sites had trace-
element concentrations that exceeded the lowest effect
level but did not exceed the severe effect level.

Water

Trace-element concentrations in filtered- and
unfiltered-water samples collected from the Yakima
River Basin, 1987-90, are screened against

(1) USEPA ambient water-quality criteria for the
protection of aquatic life and human health
(U.S. Environmental Protection Agency, 1986
and 1992¢),



Table 6. Summary of major- and trace-element concentrations in streambed sediment that exceeded

Provincial Sediment-Quality Guidelines, Yakima River Basin, Washington, 1987-90

[The Provincial Sediment-Quality Guidelines were developed by the Water Resources Branch of the Ontario Ministry of the Environment, Canada,
for use in evaluating sediments throughout the province of Ontario (Persaud and others, 1993); the guidelines define two levels of toxic effects
which are based on protecting benthic organisms from the chronic, long-term effects of selected elements: these levels are: (1) lowest effect level
and (2) severe effect level; a lowest effect level is a level of contamination that can be tolerated by a majority of benthic organisms, and a severe
effect level is a level of contamination that would be detrimental to a majority of benthic species; note, some sites have been sampled in duplicate
or triplicate as part of the quality-assurance program that has been described along with results by Fuhrer and others (1994); for replicate sites, only
the mean element concentration is reported here; percentages were calculated using all measurements (censored and detected) for all sites sampled;
concentrations are provided in units of micrograms per gram (Lg/g) except for iron, which is reported in units of percent; RM, river mile]

Samples
exceeding
guidelines

Site Streambed- | Lowest | Severe
reference sediment effect effect
number Site name concentration level level
Arsenic, guideline: lowest effect level: 6 ug/g; severe effect level: 33 ug/g
1 Waptus River at mouth near Roslyn 45 X X
3 Jungle Creek near mouth near Cle Elum 29 X
6 Yakima River at Cle Elum 7.9 X
13 American River at Hell's Crossing near Nile 13 X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 7.8 X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile 9.5 X
56 Yakima River at Euclid Bridge at RM 55 near Grandview 6.6 X
Percentage of samples that exceeded guidelines 22 3
Cadmium, guideline: lowest effect level: 0.6 mg/g; severe effect level: 10 pg/g
13 American River at Hell's Crossing near Nile .8 X
Percentage of samples that exceeded guidelines 3 0
Chromium, guideline: lowest effect level: 26 ug/g; severe effect level: 110 ug/g
1 Waptus River at mouth near Roslyn 61 X
3 Jungle Creek near mouth near Cle Elum 93 X
5 Teanaway River below Forks near Cle Elum 210 X X
6 Yakima River at Cle Elum 210 X X
7 Naneum Creek below High Creek near Ellensburg 58 X
8 Taneum Creek at Taneum Meadow near Thorp 170 X X
10 Little Naches River at mouth near Cliffdell 50 X
12 South Fork Manastash Creek near Ellensburg 130 X X
14 Cherry Creek above Wipple Wasteway at Thrall 52 X
19 Yakima River at Umtanum 64 X
20 Umtanum Creek near mouth at Umtanum 50 X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 49 X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile 62 X
26 Naches River near North Yakima 90 X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum 42 X
29 Wide Hollow Creek at old STP at Union Gap 67 X
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Table 6. Summary of major- and trace-element concentrations in streambed sediment that exceeded
Provincial Sediment-Quality Guidelines, Yakima River Basin, Washington, 1987-90—Continued

) Samples
exceeding
guidelines

Site Streambed- Lowest | Severe
reference sediment effect effect
number Site name concentration level level
Chromium, guideline: lowest effect level: 26 pg/g; severe effect level: 110 pg/g—Continued
30 Moxee Drain at Thorp Road near Union Gap 64 X
31 Ahtanum Creek at Union Gap 56 X
33 Yakima River at Parker 64 X
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico 33 X
40 Granger Drain at mouth near Granger 60 X
42 Yakima River below Toppenish Creek at RM 79.6 near Granger 73 X
43 Toppenish Creek at Indian Church Road near Granger 75 X
47 Satus Creek at gage at Satus 54 X
48 Yakima River at RM 72 above Satus Creek near Sunnyside 64 X
50 Yakima River at Kiona, 61 X
52 Sulphur Creek Wasteway near Sunnyside 80 X
53 Satus Creek below Dry Creek near Toppenish 48 X
54 Spring Creek at mouth at Whitstran 62 X
56 Yakima River at Euclid Bridge at RM 55 near Grandview 56 X
57 Satus Creek above Wilson-Charley Canyon near Toppenish 53 X
Percentage of samples that exceeded guidelines 97 12
Copper, guideline: lowest effect level: 16 ug/g; severe effect level: 110 pg/g

1 Waptus River at mouth near Roslyn 20 X

3 Jungle Creek near mouth near Cle Elum 36 X

5 Teanaway River below Forks near Cle Elum 32 X

6 Yakima River at Cle Elum 43 X

7 Naneum Creek below High Creek near Ellensburg 24 X

8 Taneum Creek at Taneum Meadow near Thorp 47 X

10 Little Naches River at mouth near Cliffdell 48 X

12 South Fork Manastash Creek near Ellensburg 44 X

13 American River at Hell’s Crossing near Nile 79 X

14 Cherry Creek above Wipple Wasteway at Thrall 22 X

19 Yakima River at Umtanum 28 X
20 Umtanum Creek near mouth at Umtanum 30 X

21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 39 X

22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile 43 X

26 Naches River near North Yakima 61 X

27 Wide Hollow Creek at West Valley Middle School near Ahtanum 93 X

29 Wide Hollow Creek at old STP at Union Gap 42 X

30 Moxee Drain at Thorp Road near Union Gap 25 X

31 Ahtanum Creek at Union Gap 25 X
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Table 6. Summary of major- and trace-element concentrations in streambed sediment that exceeded
Provincial Sediment-Quality Guidelines, Yakima River Basin, Washington, 1987-90—Continued

Samples
exceeding
guidelines

Site Streambed- Lowest | Severe
reference sediment effect effect
number Site name concentration level level
Copper, guideline: lowest effect level: 16 ug/g; severe effect level: 110 pg/g—Continued
33 Yakima River at Parker 29 X
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico 29 X
40 Granger Drain at mouth near Granger 21 X
42 Yakima River below Toppenish Creek at RM 79.6 near Granger 31 X
43 Toppenish Creek at Indian Church Road near Granger 32 X
47 Satus Creek at gage at Satus 29 X
48 Yakima River at RM 72 above Satus Creek near Sunnyside 31 X
50 Yakima River at Kiona 29 X
52 Sulphur Creek Wasteway near Sunnyside 26 X
53 Satus Creek below Dry Creek near Toppenish 32 X
54 Spring Creek at mouth at Whitstran 17 X
56 Yakima River at Euclid Bridge at RM 55 near Grandview 27 X
57 Satus Creek above Wilson-Charley Canyon near Toppenish 25 X
Percentage of samples that exceeded guidelines 100 0
Iron, guideline: lowest effect level: 2 percent; severe effect level: 4 percent
1 Waptus River at mouth near Roslyn 39 X
3 Jungle Creek near mouth near Cle Elum 6.0 X X
5 Teanaway River below Forks near Cle Elum 5.5 X X
6 Yakima River at Cle Elum 5.1 X X
7 Naneum Creek below High Creek near Ellensburg 4.9 X X
8 Taneum Creek at Taneum Meadow near Thorp 5.0 X X
10 Little Naches River at mouth near Cliffdell 6.0 X X
12 South Fork Manastash Creek near Ellensburg 6.3 X X
13 American River at Hell’s Crossing near Nile 49 X X
14 Cherry Creek above Wipple Wasteway at Thrall 4.2 X X
19 Yakima River at Umtanum 43 X X
20 Umtanum Creek near mouth at Umtanum 6.7 X X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 5.6 X X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile 5.2 X X
26 Naches River near North Yakima 4.9 X X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum 4.5 X X
29 Wide Hollow Creek at old STP at Union Gap 5.2 X X
30 Moxee Drain at Thorp Road near Union Gap 43 X X
31 Ahtanum Creek at Union Gap 5.7 X X
33 Yakima River at Parker 4.6 X X
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Table 6. Summary of major- and trace-element concentrations in streambed sediment that exceeded
Provincial Sediment-Quality Guidelines, Yakima River Basin, Washington, 1987-90—Continued

Samples
exceeding
guidelines

Site Streambed- | Lowest | Severe
reference sediment effect effect
number Site name concentration level level
Iron, guideline: lowest effect level: 2 percent; severe effect level: 4 percent—Continued
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico 6.9 X X
40 Granger Drain at mouth near Granger 55 X X
42 Yakima River below Toppenish Creek at RM 79.6 near Granger 5.1 X X
43 Toppenish Creek at Indian Church Road near Granger 5.1 X X
47 Satus Creek at gage at Satus 5.9 X X
48 Yakima River at RM 72 above Satus Creek near Sunnyside 4.9 X X
50 Yakima River at Kiona 5.1 X X
52 Sulphur Creek Wasteway near Sunnyside 5.1 X X
53 Satus Creek below Dry Creek near Toppenish 52 X X
54 Spring Creek at mouth at Whitstran 5.5 X X
56 Yakima River at Euclid Bridge at RM 55 near Grandview 5.0 X X
57 Satus Creek above Wilson-Charley Canyon near Toppenish 73 X X
Percentage of samples that exceeded guidelines 100 97
Lead, guideline: lowest effect level: 31 pig/g; severe effect level: 250 pg/g
26 Naches River near North Yakima 36 X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum 63 X
29 Wide Hollow Creek at old STP at Union Gap 48 X
Percentage of samples that exceeded guidelines 9 0
Manganese, gnideline: lowest effect level: 460 pg/g; severe effect level: 1,100 pg/g
1 Waptus River at mouth near Roslyn 1,400 X X
3 Jungle Creek near mouth near Cle Elum near Cle Elum 910 X
5 Teanaway River below Forks near Cle Elum near Cle Elum 1,100 X X
6 Yakima River at Cle Elum 1,100 X X
7 Naneum Creek below High Creek near Ellensburg 1,000 X
8 Taneum Creek at Taneum Meadow near Thorp 820 X
10 Little Naches River at mouth near Cliffdell 1,400 X X
12 South Fork Manastash Creek near Ellensburg 1,100 X X
13 American River at Hell’s Crossing near Nile 1,100 X X
14 Cherry Creek above Wipple Wasteway at Thrall 830 X
19 Yakima River at Umtanum 1,700 X X
20 Umtanum Creek near mouth at Umtanum 1,100 X X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 1,000 X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile 1,200 X X
26 Naches River near North Yakima 1,100 X X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum 550 X
29 Wide Hollow Creek at old STP at Union Gap 770 X
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Table 6. Summary of major- and trace-element concentrations in streambed sediment that exceeded

Provincial Sediment-Quality Guidelines, Yakima River Basin, Washington, 1987-90—Continued

Samples
exceeding
guidelines

Site Streambed- Lowest | Severe
reference sediment effect effect
number Site name concentration level level
Manganese, guideline: lowest effect level: 460 ug/g; severe effect level: 1,100 ug/g—Continued
30 Moxee Drain at Thorp Road near Union Gap 740 X
31 Ahtanum Creek at Union Gap 960 X
33 Yakima River at Parker 780 X
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico 1,500 X X
40 Granger Drain at mouth near Granger 1,000 X
42 Yakima River below Toppenish Creek at RM 79.6 near Granger 750 X
43 Toppenish Creek at Indian Church Road near Granger 960 X
47 Satus Creek at gage at Satus 1,100 X X
48 Yakima River at RM 72 above Satus Creek near Sunnyside 1,000 X
50 Yakima River at Kiona 1,500 X X
52 Sulphur Creek Wasteway near Sunnyside 990 X
53 Satus Creek below Dry Creek near Toppenish 820 X
54 Spring Creek at mouth at Whitstran 930 X
56 Yakima River at Euclid Bridge at RM 55 near Grandview 1,000 X
57 Satus Creek above Wilson-Charley Canyon near Toppenish 1,400 X X
Percentage of samples that exceeded guidelines 100 44
Mercury, guideline: lowest effect level: 0.2 |1g/g; severe effect level: 2 g/g
3 Jungle Creek near mouth near Cle Elum 56 X
5 Teanaway River below Forks near Cle Elum .20 X
8 Taneum Creek at Taneum Meadow near Thorp 40 X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 24 X
26 Naches River near North Yakima 27 X
29 Wide Hollow Creek at old STP at Union Gap 26 X
33 Yakima River at Parker .26 X
Percentage of samples that exceeded guidelines 22 0
Nickel, guideline: lowest effect level: 16 ng/g; severe effect level: 75 pg/g
1 Waptus River at mouth near Roslyn 29 X
3 Jungle Creek near mouth near Cle Elum 43 X
5 Teanaway River below Forks near Cle Elum 260 X X
6 Yakima River at Cle Elum 150 X X
7 Naneum Creek below High Creek near Ellensburg 22 X
8 Taneum Creek at Taneum Meadow near Thorp 78 X X
10 Little Naches River at mouth near Cliffdell 20 X
12 South Fork Manastash Creek near Ellensburg 61 X
14 Cherry Creek above Wipple Wasteway at Thrall 21 X
19 Yakima River at Umtanum 48 X
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Table 6. Summary of major- and trace-element concentrations in streambed sediment that exceeded
Provincial Sediment-Quality Guidelines, Yakima River Basin, Washington, 1987-90—Continued

Samples
exceeding
guidelines

Site Streambed- Lowest | Severe
reference sediment effect effect
number Site name concentration level level
Nickel, guideline: lowest effect level: 16 ug/g; severe effect level: 75 pg/g—Centinued
20 Umtanum Creek near mouth at Umtanum at Umtanum 19 X
21 Rattlesnake Creek above Little Rattlesnake Creek near Nile 16 X
22 Rattlesnake Creek above North Fork Rattlesnake Creek near Nile 27 X
26 Naches River near North Yakima 43 X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum 19 X
29 Wide Hollow Creek at old STP at Union Gap 28 X
30 Moxee Drain at Thorp Road near Union Gap 22 X
31 Ahtanum Creek at Union Gap 19 X
33 Yakima River at Parker 36 X
40 Granger Drain at mouth near Granger 20 X
42 Yakima River below Toppenish Creek at RM 79.6 near Granger 35 X
43 Toppenish Creek at Indian Church Road near Granger 31 X
47 Satus Creek at gage at Satus 25 X
48 Yakima River at RM 72 above Satus Creek near Sunnyside 36 X
50 Yakima River at Kiona 30 X
52 Sulphur Creek Wasteway near Sunnyside 37 X
53 Satus Creek below Dry Creek near Toppenish 24 X
54 Spring Creek at mouth at Whitstran 22 X
56 Yakima River at Euclid Bridge at RM 55 near Grandview 27 X
57 Satus Creek above Wilson-Charley Canyon near Toppenish 23 X
Percentage of samples that exceeded guidelines 94 9
Zinc, guideline: lowest effect level: 120 ng/g; severe effect level: 820 ug/g
3 Jungle Creek near mouth near Cle Elum 150 X
13 American River at Hell’s Crossing near Nile 210 X
26 Naches River near North Yakima 120 X
27 Wide Hollow Creek at West Valley Middle School near Ahtanum 170 X
29 Wide Hollow Creek at old STP at Union Gap 210 X
34 South Fork Ahtanum Creek above Conrad Ranch near Tampico 120 X
57 Satus Creek above Wilson-Charley Canyon near Toppenish 160 X
Percentage of samples that exceeded guidelines 22 0
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(2) USEPA primary and secondary drinking-
water regulations (U.S. Environmental
Protection Agency, 1992b), and

(3) USEPA drinking-water human-health
advisories (U.S. Environmental Protection
Agency, 1992b).

All USEPA ambient water-quality criteria are non-
enforceable guidelines that may provide the basis
for State standards (Nowell and Resek, 1994) and
are designed to protect human health and aquatic
organisms from deleterious element concentra-
tions. Ambient water-quality data in the Yakima
River Basin was screened in order to identify
trace-element concentrations that may require
study by State and local health agencies. State and
local health agencies are responsible for issuing
advice or formal advisories to protect the health of
their constituents.

The primary drinking-water regulations have
been established for contaminants that are known to be
present in public-water systems and which may affect
human health adversely; secondary drinking-water
regulations are nonenforceable guidelines, based on
aesthetics, for contaminants that can affect the odor or
appearance of drinking water adversely (Nowell and
Resek, 1994). Health advisories provide nonregulatory
levels of contaminants in drinking water which would
result in no known or anticipated health effects.

Ambient Stream Water

Aquatic Life

According to USEPA’s interim guidance on
aquatic-life criteria for metals (U.S. Environmental
Protection Agency, 1992a, p. 4), the toxicity tests that
form the basis for USEPA ambient water-quality crite-
ria for the protection of aquatic life were generally

done in water “lower in metal-binding particulate mat-

ter and dissolved organic carbon than most ambient
waters[. Therefore], these toxicity tests may overstate
the ambient toxicity of nonbiomagnified metals that
interact with particulate matter or dissolved organic
matter.” Trace elements used for the toxicity tests by
USEPA were analyzed from an unfiltered-water sam-
ple using a total-recoverable method of analysis. This
type of analysis for ambient water, with metal-binding
phases, may extract trace elements from the particulate
or carbon phases and, consequently, overstate ambient
toxicity. Presently, USEPA provides guidance on the
use of two new methods that may be used to imple-
ment aquatic-life criteria without overstating ambient
toxicity (U.S. Environmental Protection Agency,
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1992c¢). The new methods can be used to adjust the
numeric value of the criteria in proportion to the quan-
tity of the metal-binding phases in the ambient water.
These methods may increase the numeric value of the
aquatic-life criteria (making it less stringent). The sim-
plest and most conservative method, however, is to use
the total-recoverable method for filtered- and unfil-
tered-water samples and to compare such measure-
ments to USEPA criteria.

Although USEPA’s ambient water-quality crite-
ria are based on analyses of unfiltered-water samples,
the trace-element concentrations in filtered-water sam-
ples analyzed for this report were usually high enough
to equal or exceed the criteria. Consequently, USEPA’s
ambient water-quality criteria are used as screening
values for the protection of aquatic organisms. For
many trace elements, including cadmium, chromium,
lead, nickel, silver, and zinc, aquatic toxicity is related
to the hardness of the water—toxicity increases (the
screening value decreases) as hardness decreases.

For example, as water hardness ranges from 50 to
200 mg/L as calcium carbonate, lead toxicity to
aquatic organisms ranges from 1.3 to 7.7 ug/L
(micrograms per liter) (U.S. Environmental Protection
Agency, 1986). For trace elements with toxicity that
varies with water hardness, the ambient-water hard-
ness at the time of sample collection was used to
derive the appropriate screening value. Both acute
(1-hour average concentrations) and chronic (4-day
average concentrations) trace-element criteria for
aquatic life are used to evaluate waters in the Yakima
River Basin; however, trace-element concentrations in
the basin are from discrete measurements, rather than
multiple measurements to derive 1-hour or 4-day
average concentrations.

Concentrations of cadmium, copper, lead, mer-
cury, silver, and zinc in filtered-water samples
exceeded the screening value (based on USEPA’s
ambient water-quality criteria for the protection of
aquatic organisms) at two or more sites. Additionally,
concentrations of cadmium, mercury, and zinc at sev-
eral sites exceeded acute or chronic screening values
for the protection of aquatic life (table 7). Sites with
zinc exceedances include those receiving irrigation
return flow, such as East Toppenish Drain at Wilson
Road near Toppenish (site 37), as well as those in
mountainous areas, such as Bumping River at Soda
Springs Walkway near Nile (site 17). Acute and
chronic exceedances of copper exist in the Yakima
River at Cle Elum (site 6) and the Yakima River at
Umtanum (site 19). These exceedances, although
infrequent, happen during periods of winter-storm
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runoff. Similar to copper, the number of chronic,
aquatic-life exceedances of cadmium and mercury are
few in number. Unlike copper, however, exceedances
of cadmium and mercury do not appear to be associ-
ated with any particular season or streamflow condi-
tion. ’

Some of the above aquatic-life exceedances are
related to hydrologic conditions or events. For exam-
ple, concentrations of cadmium generally exceed the
chronic aquatic-life criterion during periods of winter
warming, in spring during snowmelt, and during
storms. Of the seven fixed sites, exceedances are found
principally in the Kittitas Valley at the Yakima River at
Cle Elum and at the Yakima River at Umtanum. The
exceedances, in part, are related to hardness, which
generally is low in waters of the Kittitas Valley. Hard-
ness in the Kittitas Valley is less than 50 mg/L as cal-
cium carbonate and is noteworthy because aquatic-life
screening values for cadmium decrease as hardness
decreases. Consequently, concentrations of cadmium
in the Kittitas Valley are more likely to exceed screen-
ing values for the protection of aquatic life than are
cadmium concentrations in the mid- and lower Yakima
Valley. Cadmium also was detected in the Kittitas
Valley during synoptic samplings in July 1987-88—
chronic aquatic-life exceedances at these times were
measured in the main stem near Ellensburg (site 9) and
in the main stem above Roza Dam (site 23).

Concentrations of cadmium, chromium, copper,
iron, lead, mercury, and silver in unfiltered-water sam-
ples exceeded the screening value (based on USEPA’s
ambient water-quality criteria for the protection of
aquatic organisms) at two or more fixed sites (table 8).
In addition, concentrations of chromium and copper
exceeded both acute and chronic screening values at
several sites. The aquatic-life screening values for
chromium vary depending on valency; for example,
assuming a water hardness of 50 mg/L as calcium
carbonate, the criteria for hexavalent (+ 6) and triva-
lent (+ 3) chromium range from 11 pg/L to 120 pg/L,
respectively. Because chromium was analyzed as the
sum of the trivalent and hexavalent species, the chro-
mium data—as a conservative measure—were evalu-
ated against the more stringent hexavalent chromium
criterion. The screening values for the protection of
aquatic life from copper were exceeded during spring
and summer at the following fixed stations: Yakima
River at Cle Elum (site 6), Yakima River at Umtanum
(site 19), Yakima River above Ahtanum Creek at
Union Gap (site 32), and Sulphur Creek Wasteway
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near Sunnyside (site 52). The seasonality of these
exceedances coincides with those measured from
1953-85 (Rinella and others, 1992). The 1953-85
exceedances of copper, in part, were attributed to the
use, past and present, of copper sulphate—a herbicide
used by some irrigation districts to control nui-
sance-aquatic growths in irrigation canals (Lee Hend-
erson, Kittitas Reclamation District, oral commun.,
1989).

In this study, relatively few determinations of
unfiltered-water samples were made using the
total-recoverable method of analysis—the method of
analysis used by the USEPA to derive aquatic-life cri-
teria. Instead, element concentrations often are mea-
sured directly on suspended sediment using a
total method of analysis, and on dissolved trace ele-
ments in filtered-water samples. To estimate a
total-recoverable measurement in unfiltered-water
samples (for the purpose of making comparisons with
USEPA guidelines), trace-element concentrations on
suspended sediment are added to concentrations in fil-
tered-water samples.5 The resultant values, termed
calculated-total concentrations, are regressed, in turn,
against the relatively small number of trace-element
concentrations derived using the total-recoverable
method on unfiltered-water samples. There were nine
unfiltered-water samples analyzed for iron and manga-
nese. Only iron and manganese had an adequate num-
ber of uncensored data (detectable-trace-element
concentrations) for making the regressions. The result-
ing prediction equation® is used to convert the calcu-
lated-total concentrations to estimated total-
recoverable concentrations, which are then compared
against screening values as an aid in understanding
water-quality concerns. The estimated total-recover-
able concentrations of iron exceeded screening values
for ambient water quality (1,000 ug/L) at most fixed
sites (table 9). Nearly one-third of the estimated iron
concentrations for the Yakima River above Ahtanum
Creek at Union Gap and for the Yakima River at Kiona
exceeded the screening value for aquatic organisms.

SElement concentrations in suspended sediment (in micro-
grams per gram) were converted to volumetric concentrations
(in micrograms per liter) and added to the dissolved element
concentration to obtain an estimate of the trace-element concen-
tration in an unfiltered-water sample.

6 The regression equation for iron yielded an R-squared
value of 0.87 and a prediction equation, y = 517+0.58x (y =
estimated total-recoverable iron concentration; x = calculated
total-iron concentration).



o
o
1
i
1
'
0
™
o~
—

sonfea SuruaaIos papasoxa Jey) sojdures Jo a3ejuaoiod

opisAuung Jedu Aemasepn }oda1) myding 49

BUOLY] J& JOATY eWIDYe X 0S

WNUBIUI() Je IDATY BUIYe X 6l

1

1

1

1
— |- |-

SO o |*
OO |O | *
1
'

1
1
O |||
| |e

wnj 31D Je JOATY PWDE X 9

(19497 JurUnIRIUC)) WNWIXRIA) /31 Q0| :uonensay
1o1em SunfuLI(]
s1eok ¢ uy 9ouo /31 |1 9Seroae Aep-4 OTUOR])
s1e3A ¢ ur oouo /31l 91 95eIdAR INOY-T :BINOY
91T onenby
LoD Ayifenb-I1ojem JuoIqUIy
WMoy

- 0 -- - 11 0 sonjea SuTudaIds Papaaoxa Jey) sojdures Jo oSeIuaaIog

- 0 — - 1 0 ¥ den wotun) e Y921) WNUeIYY 2A0qe JIATY Bwrye X €

- 0 - - 1 0 < winj 910 18 JOATY ewurye X 9

. anjeA SuTuoalos WMWPRI-dOIYd 9y} SUIPasdxo se
pajunoo jou axom ("I/3 Juet ssof se pajiodar SUOTIEIUSOUO0D) BiEp PaIosuaD (/31 99°() UOLIBILIO STUOIYD Sy SPe3VX (/BN |) WINHPED J0J UOHBUIUISIAP JO JTUIT o) aSnesaq :9joN
(1oA°] yRUTWRIUOD WNUIIXRIA) /81 ¢ :uonemSay
:1o7em Supjuuig
s1eak ¢ ut 90uo /31 99 g 9FeIoae Kep- :oMwOIY)D)
s1e94 ¢ u1 9ouo "I/31 g'7 9feIoAL INOY-T 19INOY

1911 onenby
LD Afenb-1ojem Juoiqury
wmnmpe)
ySoMosIApe (suonenbey ghluo Jolempue | oo1u0Iyd OINdY sojdwes Pqunu
yieay swsiuebio swsjuebio j0 aouasajel
-uewn
H onenby onenby 1Bqunu sweu ays aus
Zu}EaY UBWNH ,831 openby [0l
sauepInb Jajem-Bupjung elaud Ajjenb-19jem Jusaiquy
sanjeA Bujuaalos papadnxa ey sajdwes Jo Jaquiny

[s381X2 QuI[apING JUALIND OU ‘-- SAUIAPING JAleM-FUDJULIP 195W 01 paIinbal jou AemIajem * 1] 12d sweaororw /31 ssaupley Iojem Yim ATeA 10U OP JAJIS IO BLILID J1UOIYD Y pue AIndiouw

PUE WNTWOIYO J0] BLIAILID DIUOIYD PUR ANJk PIISI] Ay, 'san[es SUIUSSIOS 2)e[Nd[ed 0 PIsn sem SSOUpPILy JUdIquIe 3y ‘9J1] dnenbe 10§ SUONBIUSIUOD PI]I2IAP JO UONBN[EAD JO] “21RUOGIED WNIded Sk (/Sw)
19311 12d SWLIST[[TUI ()¢ JO SSIUPILY © UO paseq oIt mo[aq pajsif saupepins aj1-onenbe ay ‘sosodind aousiajar 10J pajenyeas sem 31T 1od UOHEIIU2OUOD JUSWILD dUO A[UO ‘JISiA ayIs d(3urs e Sunmp areordin
Jo deordnp ul pazAjeur SJUSMNISTOD YIIM PIJRIO0SSE 2q ABW Jey) selq [eoNsTIe)S PloAe 0], "pajduies sojis [[e 10j (Po1oalap pue PaIosuad) sIUSWRINSeaur Jfe Suisn pajendfed alam sodejuodrad isaurpoping
Ayipenb-1a7eM J5uTeSe pajenead a1om SUOTIEIUROUOD 3[GR191ap A[UQ "saul[apIng 19jem-SunfuLIp (47661 ) Aously Uo19101] [RIUSWUONAUH S (T) PUe ‘Yifeay Uewny pue dj1f dSuenbe jo uonasjoid

3y} 10} (Z661 9POD) SAIBNSIUTWIPY )B)S UOISUIYSEAY ) SPIEPURIS 91818 JO BLIAILID Aifenb-1aem jusiquie (97661 ‘9861) AouaSy uonsajold [eluswuoAug S ) (1) 19Ul dUIZ pue ‘(321U ‘U0I0q ‘WNIf[K13q
‘wnieq Jo SUoeIUIIUOD JUSWI[D ‘XLIeW [eu1SLI0 oY) Woj pasd)fe ‘Kem Aue ul 10U *PaSnjLIuad 10 PaId)[y udaq jou sey jey) o[dures Jajem e Jo sisA[eue [Ed1WAYD Y} 0) SIAJAI  JoJeMm PaIal[yun,, ULd) oY L]

062861 ‘uoibuiysem ‘uiseq
JaAIY BUWIBA ‘Sauljepinb Ajjenb-1ajem woly paaLIsp sanjea Buluealds papasoxs 1ey) SajdWes J8jem-pald)jjun Ul SUCHEIUSOUOSD JusWsje-89.l] Jo Alewwns "8 ajqeL

45



-- 6 - -- S9 -- sanpeA SUIU2a10s papaodxa ey sofdues jo a8viuadiad
- Fe - - z -- z MIIADURID) TESU §G [T JOALE J8 aFpLIg PIONg B JSATY BWn(e X 96
N N - - 1 -- 1 apIsAuung Ieau Aemalsepn yo21) rnyding 49
- 5 - - 5 - € BUOTY] 18 JOATY BWDR X 0S
- v - - z -- ¥ den uorup) 18 YoaI) WNUBIYY SAOQE JRATY BWIE § €
- I - - 0 - 1 BUWIDYEX [MON Jeat JOATY SaUOBN 9T
- 5 - - z - € WNUBIW() JB JOATY ewrye X 61
- 7 - - 1 - € wnjg a[)) 18 JaATY BwWre X 9
(JoA9T JUBLIIBINOY) TIMITXEIA] A1epuodas) /81 go¢ ‘uonemsoy
u9jem Funjuug
/31 000" T oTuoIy)
:9J1] onenby
TeHAILO ATenb-1otem JuLIqUIY
uoaf
- 0 - - 6€ 6€ sonfeA Suruaalos papaadxa jey; safdures jo 95vju0diag
- 0 - - 1 1 z MITAPURID) TB2U GG [T IDALI JB 23pLIg PI[ONH I8 ISATY e X 9G
N N - - I I Z oprsAuung 1eau Aemalsep Joo1) nyding rés
- 0 - - I 1 ¢ BUOTY] 1B JOATY BWIDY B X 0S
_ 0 - -- z z ¥ deny uorup) 1 Y201) WNURIYY 9A0GE ISATY BWIDE X €
- 0 - - I I ¢ WNUEBJW() 18 J9ATY BWINE X 61
-- 0 -- - 1 I € WN[H 9D J& IOATY ewinfe 9

‘sonyeA Suruoars xaddoo-o1uoIys J0 -a1noe SUIPIIXI SE PAIUN0d JOU AIoM
(/81 01 ey ss9 st payrodal SUONRNUIIUOD) BIRp PAIOSUD ‘eLIoLd (/81 '9) orworyo pue (/81 7'6) 2Inoe Ay} spaeoxa (1/8H (1) 1oddod 105 UONBUTILISISD JO JTWII] ) aSNEIR SI0N
(JeOD [0A9T JUBURUERINOY) WniUIXRY) /81 00¢‘] uouem3ay
1o1em Supjui
s1ak ¢ ur 2ouo /81 §'g a8eroae Kep-y :oruOIY))
$1894 ¢ ul 20u0 /81 7' o8eioar Inoy-1 MOy

:ay1 onenby

reLILd A)penb-1o1eA JUSIGUIY

:addo)n
ySaHosIApe (suoneinBoy ghluo Selempue | goluoiyd OIOY sodwes Joquinu

yiesy swsjuebio | swsuebio o eoUBIBIal

-uewiny onenby onenby ' ¥

; i Jaquinu awieu ais als
LUlleay uewny ,al] duenby BioL
sauljapinb Jajem-Bunjuiig B119)119 Ajjenb-1aiem uaigquiy
sanjea Bujuaalas papasadxa jey) sajdwes jo Jaquiny

panuUNUOD—06—/86 | ‘UoIBUIYSEM ‘UISeg
JaAlY BwjEA ‘sauljapinb Aljenb-ieyem woi) paaLap senjea Buiusaios papasoxe Jey) sejdwes Jejem-palajjun Ul SUOITRIIUSOUOD JUsWwale-90e.l] jo Alewwng g ajqel




- 9 - - -- -- sanfea 3uIuaaIds papaadxa jey sajdwes Jo aejuaoiog

- 1 -- - -- - z MITAPURID) JBIU GG AIUI JIALI J& 23pIIg PI[ONg Je JOARY BlUDe 96
(180D [2AYT JuBUIWRINOD WnwixXe) /31 007 :uvonemoy

orem Sunyung
:asoueSuey

- € - - €€ 0 sanjea SuTuaaI0s PAPIOX3 Jey) sojduwres Jo afe)usoIod

- I - - I 0 T MITAPURIL) JaU GG I JIALL J& 9FpLIg pIjony Je JOATY BWie A 9¢

- [ - - 1 0 € BUOTY 18 IOATY BWIIYR 0s

- 1 - - 1 0 ¥ den wotup) 18 Y1) WNURIYY A0QR IOARY BUULYE & 43

-- T - -- C 0 € UINUeJI) J2 JAR] ewiye x 61

-- 1 - -- 1 0 £ Wiy 37 18 AT BWDEX 9

*sourjoping 9sayy; Surpasoxa se pajunoo jou a1em (/31 ¢ uey) sso se
palodal SUORENUAdU0D) Bjep PaIosudd (/81 () uonenSal saem-Sunyunp oy pue ("J/81 ¢'1) UOLIdILD JTHOIYD 31 spa2oxe (/31 §) pes[ 10] UONBUTILINIAP JO JIUIT] L) asNeoaq 910N
([eon) [eA9T JuRULRIUCD WNWIXEN) /81 () :uonemSay
19tem Sunjuni
s1eak ¢ ut souo /31l ¢'1 a8eroAr Aep- (OO
s1eak ¢ ut douo /31 ¢ oFe1oar Inoy-1 2OV
o] onenby
‘eEALI0 ANpenb-1ojem JusiquIy

pedy
ySolos|Ape (suoneinBey ghluo ,Aorempue | ouoiyd gomoy sojdwes Jsquinu
yijesy swsiuebio | swsjuebio 10 2ouaiajal
-uewin
H anenby anenby Pqunu awieu a)is aus
Zuleay uewny LoH1 anenby 1e10L

saujjepinb salem-bupjuiig

e840 Ayjenb-ialem Jusiquy

sanjeA Bujuaaias papaadxa eyl sajdwes jo JaquinN

panuUNUOO—06-/861 ‘UoIBuIySEA ‘Ulseg
19AIY BUINBA ‘sauljepinb Ajpenb-iayem woly paaliep senjea Buiuaaios papasoxe Jey) sejdwes Jejem-pais)jiun ul SUOJIBIIUSOUOD JuswWwaje-adel} Jo Alrewwns g ajqer

47



9 0 8¢ 8T b 0 sanfea SUrU99I0s Papaadxa ey sofdues Jo a8ejuasiog

0 0 I 1 I 0 4 MITAPURID) JedU GG O[IU IQALI J& 98pIIg PI[ony 18 JOATY ewrye X 96
* * 0 0 I 0 C oprsAuung Ieau Aemaisepy yaa1) snyding 4S
0 0 I 1 1 0 € RUOTY] 18 IOATY BUIY R X 0S
0 0 0 0 1 0 ¥ deny uotu() 18 Yoo1) WNURIYY 2A0QR IIATY BWIYE X €
I 0 1 1 1 0 1 BUWID{B A UYLION JeaU IDALY SYoeN 9z
0 0 C [4 [4 0 ) wnue3w() e I9ATY eWnye X 61
0 0 0 0 I 0 € wnye 91 18 ALY PWDEA 9

‘an[ea SUIUL2I0S AINOISW-OMHOIYD 2Y) SUIPIIIXD S PAIUN0D
jou a19m ("I/871 |'Q ey} SS9 St pelodal SHOPENUIIUOD) BIep Parosuad ‘(1781 Z10°0) UOLINLIO SMUOIYD YY) SPa2axe (/81 ['Q) AImoIaw 10 UOHBUIULIAIGP JO W] 9f) asnedoq 910N
2.@8@» 0L Jo Kouejoadxa o1y e pue ‘(spunod 46 1) sweido[ry gL Jo 1ydrem Apog-uewny
e ‘Kep 3od s1931] 7 03 Tenba J93eM Jo 9je1 uondwnsuod uewny e ‘Kep Jod weaSopny 1od swerdiu 01 X 9 JO ((I1y) S0P 20UAIII © UO PISEq ST AIOSIADE Y)[EoY-UBLINK] :2JON
(yuoozod (g 9q 0} pawnsse ST Iojem SUD{ULP WOI UOHNGLIUOD 2DINOS-IANE[IL) AIOSIAPE Hifeay ownoyt /81 4 :AI0SIApE Y)jeoy-uruIngy
(1oAaT Jureutwreluo)) wnwixe) /81 g :uonemsay
wejeA Suppunq
wmhwo% 0L 3o Aoueoadxoa ayif & pue ‘(spunod ¢ |) sureiSo[ny o/ Jo 1ySom Apog-uewmy € ‘Kep
12d s1031] 7 03 Tenba 101eM JO Oyer uondwnsuod wewny e (98eloAr Teuoreu Sy—Iipuow 1ad 191y aduno-g auo noqe) Lep 1od suresd ¢ g oy renba ysy jo ajex uondwnsuod
uewny e ‘weido[n| Iod sI91F 006 S JO 10108] uolenuaduoool] € ‘Aep Jod weadopny 1od sureiSirwu ¢-0T X 9 JO (qFy) 80P 20UIJAI © UO Paseq e sourapms yiesy-uewmy 210N
/81 §1°0 :Aquo swsruedio spenbe jo vondwnsuo)
/37 $1°0 :3o1em pue swstuedio snenbe Jo uondwinsuo)
YIesy HeuIng
181 21070 o8esoae Kep-p d1uoiy)
81 7 28e10ae In0Y-| :9IN0Y

:oy1] ouenby
eI A)[enb-101eMm JUSIqUIY
AINIIDN
ySaHosIApe (su onenbay w>_:o ,491em pue 99luoIyo GOV sajdwes 18quinu
Yieay swsjuebio | swsiuebio j0 aouaiayel
-uewn
H anenby openby 1aquinu aweu ays als
Lulleay uewny ,a)11 anenby 1oL
saujjepinb sarem-6unulag eua1149 Ajenb-1a1em jusiquiy
sanjeA Bujuaaios papaadxa jey} sajdwes Jo 1aquiny

penuUOD—06-/861 ‘UolBuIySEM ‘ulseq
JoAlH ewpfeA ‘saulapinb Ajljenb-1ayem Wwoly paaliep sanjea Buiuaoias papasoxa jey) se|dwes Jejem-paisijijun ul SUOKEIIUSOUOD JuaWS|9-90.l} JO Alewwng g a|qel

48



"(PTE61 *9T66T) Aousdy UONIAI0I] [EIUSWUOIIAUY S (Y

"(PT661 *9Z661) AOUady uonoajold [eusmuoiAug Sl

I9)BM PIJBUIIBIUOD JO UOTIdWINSUOD WOIJ ST JUIWD[D 91} 0 a1ns0dxa Jo usorad O 1Y) sowuns SVg

‘swisiue3Io onenbe pajeuTEIuOD PUE 1DJEM PIIBUTIWEIUOD JO UoNdWNSU0d WOIJ S1IUSWID dY) 0} dmsodxa Jo juadIad (O] 1By} Sownssy .
‘sogeIoAe Aep-¢ UBY) IOU)RI SUSWDINSLIW SNOJUBJURISUT £q PAUTRIGO dI9M SUOHBIIUIIU0D Juawd[H,

's98eISAL INOY-] ULY) IOY)E SJUSWAINSEIU SNOJURIURISUL £q PAUTEIqO 9I9M SUOTIETIUIIUOD JuawdlH

"(F661) NS pue [[PMON :(qT661) £ouddy uonosjold [eluswuonAug sy

(9266 T) Aouady uond2101d [BIUSWUOIIAUT 'S” ng

(9766T) Aouady uono9)0I] [RIUSWUOIIAUY *S* ng

(97661 ‘986 1) Aoua8y uono9301d [BIUSWUOIIAUY S 0y

- 0 -- - Sl L sanfeA SUIUIRIOS PIPIAIX Jey) sapdwes Jo aFejuadrd

N N -- - I I z apisAuung Ieau Kemaisepn Yaa1) nyding r4S

- 0 - - 1 1 ¥ den) uotu() 1B JooID) WNUELIYY SA0QE. JIALY BUILE X €

- 0 - -- I 0 ¢ WInueIuI() 18 JI9ARY Puliye X 61
-onfeA FUTUODIOS JOAIS-OTUOIYD oY) SUIpesoxd

SE PIJUnod 10U 219 (J/8H T uey ss9f st palodar SUOHENUAIUOD) BIep PaIosUad ‘(I/81 71°0) UOLISILIO JIUOXYD SU3 SPa20xa (/8T ) JSA[IS JOJ UOTJEUILIZNNP JO W] oY) 9snedoq 90N
([oA9T JRUIIR)UOD) WINTXRIA] ATepuoosas) /81 0o :uonenSoy
1197em SurjurLIcy
ouy Aue je /8 71°Q o1womy)
owy) Aue je /81 7' ooy

:aq11 onenby

eI Aienb-1orem JuSIqUIY

R EYV (N
e
;SOUOSIAD (suoneinboy ghiuo Aolempue | ooluoy) goINdYy sojdwes 18quinu
yiesy swsiuebio | swsiuebio o

-uewinH onenby openby ¥ ELTEIETEY

: ; JBquinu awieu ajis aNs

Luleay uewny ,8) anenby 1oL
sauijapinb 1o1em-6unjuug euay1d Ayjenb-1a1em juaiquy
sanjeA Bujuaaios papaaoxa jey} sajdwes Jo Jaquiny

PaNUNUOD—06-/86 | ‘UOIBUIYSEM ‘Uiseg
1oAlY BWIBA ‘souljapinb Aienb-1ajem wolj paalap sanjea Bullaios papaadxa Jey) sajdwes J19)eM-palajiun ul SUOHBUSOUOD JUsWaje-a9el) J0 Alrewwns g a|qel

49



Table 9. Summary of estimated total-recoverable iron and manganese concentrations in unfiltered-water samples
that exceeded screening values derived from water-quality guidelines, Yakima River Basin, Washington, 1987-90
[The term “unfiltered water” refers to the chemical analysis of a water sample that has not been filtered or centrifuged. nor in any way altered
from the original matrix. Estimated total-recoverable concentrations of iron and manganese were derived using prediction equations
generated from a least-squares regression made between the measured total-recoverable concentration in unfiltered water and the calculated-
total concentrations. Estimated concentrations were evaluated against (1) U.S. Environmental Protection Agency (USEPA) (1986, 1992¢)

ambient water-quality criteria for the protection of aquatic life, and (2) USEPA (1992b) drinking-water guidelines;

ug/L, micrograms per liter; *, waterway not required to meet drinking-water guidelines; --, no current guideline exists]

Number of samples that
exceeded screening

Nur_nber of values
. estimated
. Site name
Site total- A . .
reference recoverable q.ua.tlc Drinking-
number concentrations life: water
Chronic regulations
Iron:
Ambient water-quality criteria:
Aquatic life:
Chronic: 1,000 pg/L
Drinking water:
Regulation: 300 pg/L (Secondary Maximum Contaminant Level)
6 Yakima River at Cle Elum 1 1 1
19 Yakima River at Umtanum 3 2 2
32 Yakima River above Ahtanum Creek at Union Gap 12 3 10
50 Yakima River at Kiona 15 5 14
52 Sulphur Creek Wasteway near Sunnyside 6 5 *
56 Yakima River at Euclid Bridge at river mile 55 near Grandview 4 1 4
Percentage of estimated concentrations that exceeded screening values 41 90
Manganese:
Drinking water:
Regulation: 200 pg/L (Maximum Contaminant Level Goal)
6 Yakima River at Cle Elum 1 - 0
19 Yakima River at Umtanum 4 - 0
32 Yakima River above Ahtanum Creek at Union Gap 12 - 1
50 Yakima River at Kiona 15 -- 0
52 Sulphur Creek Wasteway near Sunnyside 6 -- *
56 Yakima River at Euclid Bridge at river mile 55 near Grandview 4 -- 0
Percentage of estimated concentrations that exceeded screening values - 2
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Human Healith

The ambient stream-water criteria for the protec-
tion of human health (table 7) consist of ambient con-
centrations which, for noncarcinogens, prevent
adverse health effects in humans and represent various
levels of incremental cancer risk for suspected or
proven carcinogens. The human-health criteria are
designed to indicate human exposure to a contaminant
from (1) ingestion of water and aquatic organisms,
and (2) ingestion of aquatic organisms (U.S. Environ-
mental Protection Agency, 1992c). In the former,

100 percent of the exposure to humans is assumed to
be from consumption of water containing a speci-
fied-contaminant concentration and aquatic organisms
that have biologically concentrated a contaminant
from ambient stream water according to an assumed
biological concentration factor (Nowell and Resek,
1994; U.S. Environmental Protection Agency, 1992c¢).
In the latter, 100 percent of the exposure to humans is
assumed to be from consumption of aquatic organisms
that have biologically concentrated a contaminant
from water on the basis of a bioconcentration factor.
Equations for deriving ambient-contaminant concen-
trations for the protection of human health are given in
Nowell and Resek (1994). The following discussion is
focused principally on arsenic (a carcinogen) and mer-
cury (a noncarcinogen); concentrations of each
exceeded screening values for human health.

For carcinogens, the human-health criteria
are derived from a two-part evaluation in which the
trace element is assigned a weight of evidence classifi-
cation and a slope factor. The weight of evidence clas-
sification is the likelihood that a trace element is a
human carcinogen. Arsenic, which is measured in
filtered-water samples in the Yakima River Basin, has
a “Group A” weight-of-evidence classification—a
human carcinogen (U.S. Environmental Protection
Agency, 1989). The slope factor is generally a plausi-
ble upper-bound estimate (95-percent confidence
limit) of a human developing cancer as a result of a
lifetime (70 years) of exposure to a particular level of a
potential carcinogen. Slope factors are derived from
mathematical models that are used on available data
sets. These models extrapolate from carcinogenic
responses observed at high doses in experimental ani-
mals to responses expected in humans from lower
exposure levels in the environment. If the extrapola-
tion model selected is USEPA’s linearized-multistage
model (as in the case of arsenic) then the resultant
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slope factor is known as q;* (U.S. Environmental Pro-
tection Agency, 1989).

For example, the slope factor or q;* for arsenic
is a 1.75 risk per milligram contaminant per kilograms
body weight per day (mg/kg/d)'1 (U.S. Environmental
Protection Agency, 1992c). For carcinogens, the deri-
vation of human-health criteria for ambient stream
water is contingent on several additional assumptions
which include:

Risk Level (RL) = an assigned level of
maximum-acceptable individual-
lifetime risk. Screening values for
human health are based on a RL =
103 which is a level of risk not to
exceed one excess case of cancer per
100,000 individuals exposed over a
70-year lifetime (U.S. Environmental
Protection Agency, 1993).

Consumption Rate (CR) = Mean daily
consumption rate, in kilograms per day
(kg/d), of the species of interest by the
general population or subpopulation of
concern averaged over a 70-year
lifetime. Screening values for human
health were derived using a CR of
0.0065 kg/d—an estimate of the average
fish and shellfish consumption by the
general United States population
(U.S. Environmental Protection Agency,
1993). The value is approximately one
6-0z (ounce) fillet of fish per month. In
addition, screening concentrations
which include a measure of chemical
uptake from the consumption of water
(for example, USEPA’s health advisories
for drinking water), or from the
consumption of water and fish, use a CR
of 2 liters of water per day—an estimate
of the average water consumption by the
general United States population.

Body Weight (BW) = Mean body weight, in
kilograms, of a standard adult within the
general population or subpopulation of
concern. Screening values for human
health were derived using a BW of 70 kg
(about 154 pounds, the average weight
of the general United States population).



Biological Concentration Factor = the ratio
of the contaminant concentration in an
aquatic organism, in milligrams per
kilograms, to the contaminant
concentration in the surrounding water,
in milligrams per liter, and is reported in
units of liters per kilogram. A
weighted-average biological
concentration factor (BCF), adjusted to
the average percent lipids in fish and
shellfish (3 percent), is used by USEPA
in deriving human-health guidelines
(U.S. Environmental Protection Agency,
1992c¢).

Concentrations of arsenic in ambient stream
water (filtered-water samples) in the Yakima River
Basin exceeded the screening value (based on
USEPA’s ambient stream-water-quality criteria) for
consumption of aquatic organisms and water
(0.18 pg/L) at seven sites, and overall, exceeded the
screening value in 43 percent of the samples (table 7).
Additionally, arsenic concentrations in ambient
stream water did not meet the screening value for con-
sumption of aquatic organisms (1.4 ng/L) at four
sites, and overall, exceeded the screening values in
30 percent of the samples (table 7). Exceedances
of arsenic were found predominantly in the lower
Yakima Valley. The screening value for arsenic is
based only on the inorganic form (U.S. Environmental
Protection Agency, 1992e). The arsenic determination
in the Yakima River Basin study, however, is based on
the organic and inorganic forms of arsenic. As a con-
servative assumption for screening, arsenic is assumed
to reside in ambient water in the pentavalent and (or)
trivalent forms—the former being most likely in sur-
face water (Eisler, 1988, p. 8). Methylated forms of
arsenic also reside in surface water; their exact propor-
tions, however, are not known (Hem, 1989, p. 144).
Methylated forms are significantly less toxic than inor-
ganic forms of arsenic (U.S. Environmental Protection
Agency, 1993, p. III-56; U.S. Environmental Protec-
tion Agency, 1992¢).

For noncarcinogens, the screening values are
based on a Reference Dose (RfD) which represents a
daily exposure (with uncertainty spanning perhaps an
order of magnitude or more) to the human population
(including sensitive subpopulations) that is probably
without appreciable risk of causing deleterious effects
during a 70-year lifetime (U.S. Environmental Protec-
tion Agency, 1992d). Addi tionally, the assumptions
listed for BW, CR, and BCF are used in determining
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screening values for human health. Screening values

are derived from USEPA ambient water-quality crite-
ria for human health (U.S. Environmental Protection

Agency, 1992c).

For the purpose of calculating screening values
for mercury (a noncarcinogen), USEPA recommends
that the RfD for methylmercury be lowered from
0.0003 mg/kg/d to 6.0 X 107 mg/kg/d (U.S. Environ-
mental Protection Agency, 1992d). The lowering of
the RfD is based on evidence that human fetuses, and
possibly pregnant women, are at increased risk of
adverse neurological effects from exposure to meth-
ylmercury (U.S. Environmental Protection Agency,
1992d).
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